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PREFACE
Statements and views presented in this report are those of the Data
Quaiity Work Group and do not necessarily reﬂect the views and poiicies of
the International Joint Commission, the Great Lakes Water Quaiity Board, or
the Board's Water Quaiity Programs Committee.
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 To meet the various goals which may be subsumed under the heading of
assuring data quality and comparability, the Work Group recommends:
0 that the Quality Assurance and Methods Section of the Division of
Analytical Methods at the Canada Centre for Inland Waters be formally
recognized as the principal laboratory for preparation, storage, and
distribution of interlaboratory study samples for the Work Group;
0 that the responsibility for providing interlaboratory study samples
be equitably shared by the appropriate agencies in both countries
through transfer of funds and/or provision of personnel;
0 that meetings of analytical chemists be held on at least an annual
basis to foster understanding of the Agreement and the role
laboratories will play in its fulfillment, and to identify and
resolve common problems;
0 that agencies and the appropriate bodies within Agreement
institutions identify data users so that those responsible for
preparing reports may be properly involved in data quality concerns;
0 that either uniform techniques or techniques shown to be equivalent
be used in the taking of samples;
0 that participation in Work Group interlaboratory studies be made
mandatory for all laboratories providing environmental data for the
assessment of contamination in the Great Lakes system so that biases
may be detected and resolved;
0 that all major sewage treatment plants providing loading information
be included in Work Group studies which are specifically designed to
provide samples at typical effluent levels; and
o t that agencies accept the responsibility of having laboratories
participating in International Joint Commission prOgrams implement
the recommended Guidelines for Intralaboratory Control.
_ 2 _
TERMS OF REFERENCE
The foiiowing Terms of Reference were approved by the Great Lakes Water
Quaiity Board on Juiy 15, 1980.
Under the direction of the Water Quaiity Programs Committee, the Data
Quaiity Work Group is responsibie for assessing the quaiity of data reported
in support of the Great Lakes Water Quality Agreement and, as necessary,
providing advice about needed improvement in data quaiity.
Specificaiiy the Data Quaiity Work Group wiii:
Recommend the quaiity assurance requirements for fieid, iaboratory
and data management activities undertaken in support of the Agreement
and monitor the meeting of the requirements.
Conduct interiaboratory studies and, as needed, assist participants
in impiementing remediai action.
Compile and update information on the anaiyticai characteristics of
methods used by participants in interiaboratory studies. Evaiuate
and recommend necessary changes to these methods if such methods are
not comparabie.
Compiie and update information on sampie coiiecting and handiinq
procedures used byorganizations providing data in support of the
Agreement. Evaiuate and recommend necessary changes to those
procedures if such procedures yieid non-compatibie data.
Report findings and recommendations to the Water Quaiity Programs
Committee.
Respond to specific requests of Water Quaiity Agreement institutions.
 
 Although the new Terms of Reference confer upon the Work Group some
additional responsibilities which are only now being initiated, activities to
assess laboratory performance, to improve the quality of reporting by
laboratories, and to make recommendations have been in progress for several
years.
Highlights of efforts made over this past year include the adoption and
dissemination of recommended guidelines for the control of analytical
procedures in an intralaboratory control program; the affirmation and
circulation of guidelines for reporting low level data including results of
less than "zero"; a two—year assessment of laboratories' performances for the
measurement of total phosphorus in water; theevaluation of laboratories'
performances by interlaboratory studies for several constituents through 5
separate studies; and the holding of an analysts' meeting to foster a better
understanding of Work Group functions and the data requirements of the Great
Lakes International Surveillance Plan.
A brief discussion of the listed highlights follows:
GU
ID
EL
IN
ES
FO
R
TH
E
CO
NT
RO
L
OF
AN
AL
YT
IC
AL
PR
OC
ED
UR
ES
IN
AN
INTRALABORATORY PROGRAM
The Work Group, at its Analytical Chemists' meeting of February 27-28,
1980
, pr
esen
ted
reco
mmen
ded
proc
edur
es w
ith
exam
ples
for
an i
ntra
labo
rato
ry
qual
ity
cont
rol
prog
ram.
The
Guid
elin
es a
ssum
e th
at a
naly
tica
l me
thod
s u
sed
are
suit
able
for
the
task
at h
and,
that
fiel
d pr
oced
ures
for
taki
ng a
nd
transporting samples are adequate, and that laboratory quality assurance
responsibilities including adequate reporting to managers are in place.
The Guidelines describe how to estimate analytical procedure variability_
using duplicate analyses or stable standards, how to test for change in
analytical variability and how to pool estimates; all these procedures are
aimed toward setting control limits on a Shewhart type control chart. The
goals of setting control limits are stressed; i.e., they should be close
enou
gh t
o si
gnal
when
ther
e is
trou
ble
with
a sy
stem
, bu
t di
stan
t e
noug
h to
discourage tinkering with a system that is operating within its capability.
These Guidelines are appended.
 The Data Quality Work Group also recommended the following minimum
frequencies for the use of control samples:
To monitor accuracy: 1 quality control sample of known value should be
included with every 15 analyses or with each batch, whichever results in
the greater frequency.
To monitor precision: 1 quality control sample should be included with
every 15 analyses or with each batch, whichever results in the greater
frequency. If duplicates are used to monitor precision, they should be
analysed in different runs when a between run measure of variability is
employed in setting control limits.
REPORTING LOW LEVEL DATA
The Work Group endorsed and later distributed to Great Lakes analysts a
revised portion of the PLUARG Quality Control Handbook for Pilot Watershed
Studies - Reporting Low Level Data. The distributed material provides an
explanation of Type I and Type II errors, urges chemists to use codes in
reporting low level data rather than ambiguous "less thans," defines the
criterion of detection, and developes a rationale for reporting all results
including findings of less than zero.
Further, the discussion illustrates the danger of the analyst censoring
low level data, thereby causing high biases and providing information which is
usel
ess
in d
rawi
ng v
alid
infe
renc
es f
rom
surv
eill
ance
data
. T
his
full
discussion, Reporting Low Level Data, is appended.
ANALYTICAL CHEMISTS’ MEETING
On F
ebru
ary
27—2
8,
1980
, th
e Wo
rk G
roup
held
an a
naly
sts'
meet
ing
at t
he
Canada Centre for Inland Waters, with the National Water Research Institute as
host. About 100 analysts from throughout the Great Lakes Basin attended. The
meeting was intended for chemists and technicians who actually perform
analyses and for their immediate supervisors.
  
The principal purpose of the meeting was to assist representativesaofas:
laboratories supporting the Great Lakes International Surveillance Plan
(GLISP) in providing adequate data to meet Plan objectives. While attendees
were somewhat acquainted with Work Group goals through participation in round
robin studies, the meeting provided an opportunity for the Work Group to make
them explicit. It also allowed analysts to question and discuss Work Group
procedures. More important, participants had an opportunity to discuss common
problems and possible solutions.
The opening sessions of the meeting included presentations on the
International Joint Commission and the Great Lakes Water Quality Agreement of
1978, the GLISP, and the quality control activities and recommendations of the
Work Group. After the opening sessions, the attendees split into three
analytical task groups depending on individual interests.
The task groups were Major Ions, Nutrients, and Physical Measurements in
Water; Metals in Water, Sediment, and Biota; and Organics in Water, Sediment,
and Biota.
After the task group meetings, participants assembled for a summary
sess
ion
of t
ask
grou
p re
port
s a
nd g
ener
al
conc
lusi
ons.
Alth
ough
the
summ
ary
task group presentations did not necessarily present consensus information,
the following specific points for management and the Work Group to consider
were brought forth:
- Many laboratory chemists are unaware of the purposes of various
programs including IJC surveillance work and therefore there is a
need for better communication, including demonstration of a data
quality requirement and overall usefulness of data collection:
- Participation in Data Quality Work Group round robin studies is not
universally viewed as mandatory, but more as an educational process
to assist poor performing laboratories in identifying the cause(s) of
poor performance including the need for additional laboratory
personnel, equipment or better methods.
 INTERLABORATORY PERFORMANCE STUDIES
The The Work Group is convinced that the onTy way to determine if
Taboratories produce comparabie resuTts is through interiaboratory studies.
The Work Group has conducted ten such studies over the past two years with
naturaT and spiked sampTes with three studies aiso using ampuT references. In
addition to these, four studies are now in progress.
The studies are:
1978-79: Study #21 - Major Ions, Trace MetaTs and Nutrients in Water
Study #22 - Major Ions and Nutrients in Water
Study #23 - Trace MetaTs in Water
Study #24 - TotaT Phosphorus in Water
Study #25 - Reactive SiTica in Water
1979-80: Study #26 - Arsenic and SeTenium in Water
Study #27 - Major Ions, Nutrients and PhysicaT Measurements in Water
Study #28 - TotaT Phosphorus in Water
Study #29 - Trace MetaTs in Water
Study #30 - PCBs in AmpuTs and Sediments
Study #31 - MetaTs in Fish (in progress)
Study #32 - Major Ions, Nutrients, and PhysicaT Measurements in Water
(in progress)
Study #33 - TotaT MetaTs in Water (in progress)
PCB-F-#1 PCBs and ChTorinated Hydrocarbon Pesticides in Fish and
AmpuTs (in progress)
The foilowing generaT procedures were used for these studies: The
Taboratories to participate were identified based upon the kinds of anaTyticaT
data they woqu suppTy to the SurveiTTance Program. For each study,
transmittai Tetters were encTosed with the test sampTes. AIso incTuded were
forms for reporting resuTts, tables Tisting the expected range of sampTe
Tevels, special instructions and information on study sampTe preparation, and
a methods questionnaire.
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d
t
h
e
i
r
r
a
n
k
s
,
i
n
d
i
v
i
d
u
a
l
f
l
a
g
s
,
o
v
e
r
a
l
l
s
t
u
d
y
c
o
n
c
l
u
s
i
o
n
s
,
an
d
i
n
f
o
r
m
a
t
i
o
n
on
st
ud
y
sa
mp
le
p
r
e
p
a
r
a
t
i
o
n
(n
ot
in
al
l
ca
se
s)
.
Fi
nd
in
gs
fo
r
St
ud
ie
s
#2
1
th
ro
ug
h
#2
5
ar
e
re
po
rt
ed
in
Gr
ea
t
La
ke
s
W
a
t
e
r
Q
ua
l
i
t
y
Re
po
rt
of
19
78
,
A
p
p
e
n
d
i
x
B,
S
ur
ve
i
l
l
a
n
c
e
S
ub
c
o
m
m
i
t
t
e
e
Re
po
rt
,
an
d
wi
ll
no
t
be
r
e
p
e
a
t
e
d
he
re
.
H
o
w
e
v
e
r
,
w
i
t
h
e
m
p
h
a
s
i
s
on
p
h
o
s
p
h
o
r
u
s
l
o
a
d
i
n
g
s
to
t
h
e
_ 8 _
 Great Lakes there has been the need to evaluate laboratory performance over
time particularly for this constituent. Five interlaboratory studies have
been completed to date, and one is planned for later this year.
LABORATORY EVALUATIONS FOR PHOSPHORUS IN WATER
Laboratory performances for phosphorus in Water over these past two years
have been evaluated and are reported here.
STUDY DESCRIPTIONS AND SUMMARY OF FINDINGS
Study #21 - Major Ions and Nutrients in Water, January 1978
Two water samples and four ampul concentrates were distributed for total
phos
phor
us m
easu
reme
nts.
Fift
een
labo
rato
ries
repo
rted
resu
lts.
The
samp
les
bein
g te
sted
rang
ed f
rom
0.00
3 to
0.01
6 mg
/L.
Most
labo
rato
ries
perf
orme
d
ade
qua
tel
y a
nd
the
med
ian
val
ue
obt
ain
ed
by
all
lab
ora
tor
ies
' d
ata
for
eac
h
sam
ple
agr
eed
wel
l w
ith
its
cor
res
pon
din
g d
esi
gn
val
ue.
St
ud
y
#2
2
-
Ma
jo
r
Ion
s
and
Nu
tr
ie
nt
s
in
Wa
te
r,
Ma
y
19
78
Six
na
tu
ra
l
wa
te
r
sa
mp
le
s
and
two
su
it
ab
ly
sp
ik
ed
di
st
il
le
d
wa
te
r
sa
mp
le
s
we
re
di
st
ri
bu
te
d.
Th
e
na
tu
ra
l
wa
te
rs
we
re
mi
xt
ur
es
of
La
ke
On
ta
ri
o
ta
p
wa
te
r
and
Ha
mi
lt
on
Ha
rb
ou
r
wa
te
r.
Se
ve
nt
ee
n
la
bo
ra
to
ri
es
re
po
rt
ed
re
su
lt
s.
Th
e
sa
mp
le
s
ra
ng
ed
fr
om
.00
1
to
.09
mg
/L
.
Se
ve
ra
l
la
bo
ra
to
ri
es
di
sp
la
ye
d
di
ff
ic
ul
ti
es
in
an
al
yz
in
g
su
ch
lo
w
le
ve
l
sa
mp
le
s
an
d
tw
o
la
bo
ra
to
ri
es
cl
ea
rl
y
re
po
rt
ed
ex
ce
pt
io
na
ll
y
hi
gh
re
su
lt
s
in
di
ca
ti
ng
a p
ro
ba
bl
e
co
nt
am
in
at
io
n
problem.
St
ud
y
#2
4
-
To
ta
l
Ph
os
ph
or
us
in
Wa
te
r,
Se
pt
em
be
r
19
78
Fo
ur
te
en
sa
mp
le
s
we
re
pr
ep
ar
ed
fo
r
th
is
st
ud
y.
Th
e
sa
mp
le
s
co
mp
ri
se
d
of
ra
in
wa
te
r,
na
tu
ra
l
wa
te
rs
fr
om
la
ke
s
Su
pe
ri
or
,
Er
ie
,
an
d
On
ta
ri
o,
se
le
ct
ed
ne
ar
sh
or
e
wa
te
rs
,
a
di
st
il
le
d
wa
te
r
bl
an
k,
an
d
sp
ik
ed
di
st
il
le
d
wa
te
r.
Th
e
sa
mp
le
s
ra
ng
ed
fr
om
0.
00
25
to
0.
09
0
mg
/L
.
Se
ve
nt
ee
n
la
bo
ra
to
ri
es
re
po
rt
ed
results.
 Improvements relative to Studies #21 and #22 were noted by laboratories.
Som
e l
abo
rat
ori
es
fai
led
to
rep
ort
res
ult
s w
ith
in
the
cap
abi
lit
y o
f t
he
met
hod
, a
ppa
ren
tly
an
arb
itr
ary
dec
isi
on.
Mos
t l
abo
rat
ori
es
wer
e a
ble
to
ana
lyz
e t
he
sam
ple
s a
deq
uat
ely
.
Thr
ee
lab
ora
tor
ies
' r
esu
lts
wer
e d
eem
ed
bia
sed
and
thr
ee
lab
ora
tor
ies
pro
duc
ed
err
ati
c r
esu
lts
.
How
eve
r,
the
pri
nci
pal
lab
ora
tor
ies
con
tri
but
ing
dat
a
to
ope
n
lak
e
and
nea
sho
re
surveillance information were in agreement.
Stu
dy
#27
- M
ajo
r
Ion
s
and
Nut
rie
nts
in
Wat
er,
Nov
emb
er
197
9
Twe
lve
sam
ple
s w
ere
pre
par
ed
for
thi
s s
tud
y.
The
sam
ple
s c
omp
ris
ed
of
rai
nfa
ll,
lak
es
Hur
on,
Ont
ari
o,
Fri
n
and
Mic
hig
an
wat
ers
,
Ott
awa
and
Fra
ser
riv
er
wat
ers
,
and
lab
ora
tor
y
ref
ere
nce
wat
ers
.
The
sam
ple
s
ran
ged
fro
m
0.0
02
to
0.8
5 m
g/L
.
Twe
nty
lab
ora
tor
ies
rep
ort
ed
res
ult
s.
Sev
era
l
lab
ora
tor
ies
dis
pla
yed
dif
fic
ult
ies
.
Two
lab
ora
tor
ies
wer
e
dee
med
to
be
bi
as
ed
lo
w
an
df
ou
r
bi
as
ed
hi
gh
.
Stu
dy
#28
- T
ota
l P
hos
pho
rus
in
Wat
er,
Aug
ust
197
9
Fou
rte
en
sam
ple
s w
ere
use
d f
or
thi
s s
tud
y.
The
sam
ple
s w
ere
pre
par
ed
at
the
sam
e t
ime
Stu
dy
#24
sam
ple
s w
ere
pre
par
ed.
Oth
er
tha
n h
ow
the
sam
ple
s
wer
e c
ode
d,
the
y w
ere
ide
nti
cal
to
tho
se
use
d f
or
Stu
dy
#24
.
Med
ian
res
ult
s o
n e
ach
sam
ple
as
der
ive
d f
rom
the
tes
t r
esu
lts
wer
e
com
par
ed
wit
h S
tud
y #
24
med
ian
val
ues
by
a t
wo-
tai
led
t-t
est
usi
ng
the
dif
fer
enc
es
(2
= 6
.7)
.
The
nul
l
hyp
oth
esi
s
of
no
dif
fer
enc
e
bet
wee
n
mea
ns
for
the
med
ian
s
rep
ort
ed
in
the
two
stu
die
s
wa
s n
ot
rej
ect
ed
whe
n
tes
ted
at
an
a-l
eve
l
of
0.1
.
It
app
ear
s
tha
t
the
tes
t
sam
ple
s
are
sta
ble
and
lab
ora
tor
ies
can
col
lec
tiv
ely
agr
ee
on
a m
edi
an
val
ue,
ove
r
a p
eri
od
of
tim
e.
Lab
ora
tor
y p
erf
orm
anc
e
in
Stu
dy
#28
was
sli
ght
ly
bet
ter
tha
n S
tud
y #
24.
The
cri
ter
ia
use
d f
or
fla
ggi
ng
in
Stu
dy
#28
was
som
ewh
at
mor
e
str
ing
ent
.
A
tab
le
sum
mar
izi
ng
lab
ora
tor
y
per
for
man
ce
by
lab
ora
tor
y
is
pre
sen
ted
bel
ow:
_ 10 _
 TOTAL PHOSPHORUS IN WATER
SUMMARY EVALUATION BY LABORATORY*
Study No.
Lab.
No.
21
22
24
27
28
1 S S-1FH S S-lFH S
2 S S S S 4FL-LB
3 S NR S-lFH 4FL,1FH S
4 VHB VHB NR 5FL,1FH 3FH,14FL
5 S S S 4FL-LB S
6 S S 2FH lFL,1FH 2FL
7 S NR NR 10FH-HB 6FH—HB
8 S S-lFH LB 7FH—HB S~1FH
9
S
S
S
S
5FH-
H8
11 S NR NR 8FH-HB NR
12
' Q
Q
6FL-
LB
1FL,
6FH
5FH,
13FL
14 S-lFL S-lFH S S 2FH
15
S
NR
NR
NR
7FH
,1F
L
16
1FH
1FH
2FL
S
S-ZF
H
17
S
NR
4FH—
HB
lFL,
3FH
3FH,
1FL
18
S
DNP
DNP
DNP
DNP
20
DNP
S
HB
2FH
,1F
L
S
22
DNP
NR
3FH
,1F
L
NR
5FL
,4F
H
23
DNP
Q
NR
NR
NR
24
DNP
3FH
HB
6FL
-LB
6FH
-HB
25
DNP
Q
S-l
FL
2FL
,2F
H
DNP
26
DNP
NR
S
S
S
27
DNP
5FH
3FH
,3F
L
10F
H,1
FL
lOF
H—H
B
31
DNP
DNP
DNP
lFL
,1F
H
1FH
,5F
L—L
B
*Fu
ii
det
ail
s
on
ind
ivi
dua
i
stu
die
s
are
ava
iia
bie
fro
m
the
Dat
a
Qua
1it
y W
ork
Group on
Rex: DNP
request.
did not participate
re
ce
iv
ed
sa
mp
ie
s
but
ne
ve
r
re
po
rt
ed
va
iu
es
high bias
10w bias
sum of 10w fiags
sum of high flags
- m
et
ho
d
in
su
ff
ic
ie
nt
for
the
te
st
at
ha
nd
- satisfactory
very high bias
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To conclude: the Work Group believes that through conducting these past 5
studies for total phosphorus there is sufficient evidence to draw some
conclusions on a laboratory's performance as compared with others.
Laboratories 1, 2, 5, 9, 14, 16, and 26 have agreed most often in producing
comparable data. Laboratories 4, 7, 12, 17, 22, 24, 25, 27, in three or more
studies have shown to be errant in their phosphorus measurements. It is
disheartening that so many laboratories have demonstrated difficulty with the
measurement of total phosphorus in water, and that performance information on
some laboratories is so sketchy. A few laboratories which have provided much
of the open lake and nearshore phosphorus measurements have performed well in
these described interlaboratory tests. However, the Work Group is cognizant
that interlaboratory tests may not be "blind" tests at the bench level and
therefore may provide the best a laboratory can do rather than its typical
work. Only a well planned and implemented program of intralaboratory quality
control will demonstrate day-to—day competent laboratory performance.
ME
TH
OD
S
FO
R
PH
OS
PH
OR
US
ME
AS
UR
EM
EN
TS
For several years the question of methods differences has been raised
- re
lati
ve t
o th
e tw
o ty
pes
of r
educ
ing
agen
ts,
stan
nous
chlo
ride
and
asco
rbic
acid
, th
at a
re u
sed
to d
evel
op t
he c
olor
of p
hosp
horu
s i
n wa
ter
meas
urem
ents
.
The Work Group has been requested to evaluate as to whether there is a bias
pre
sen
t b
etw
een
the
two
red
uct
ion
pro
ced
ure
typ
es.
Pre
lim
ina
ril
y,
fro
m
comparing data derived from the described 5 interlaboratory tests and an
add
iti
ona
l 1
84
pai
red
dat
a r
epo
rte
d b
y o
ne
lab
ora
tor
y w
oul
d i
ndi
cat
e n
o
statistically significant difference. One method type is somewhat more
sens
itiv
e an
d th
ereb
y pr
ovid
es m
ore
meas
urab
le
vari
abil
ity
at v
ery
low
leve
ls,
but also more accuracy. The other procedure suffers less from some possible
interferances such as salts in water. For Great Lakes' waters either
procedure appears suitable if great care is taken in its use.
LAB
ORA
TOR
Y E
VAL
UAT
ION
S
FOR
CON
STI
TUE
NTS
OTH
ER
THA
N P
HOS
PHO
RUS
Although the Work Group has particularly attempted to get information on
laboratory competency for the measurement of phosphorus as quickly as
_ 12 _
 possible, it has not neglected interlaboratory studies for other consti-
tuents. Four tests for major ions, nutrients (other than phosphorus) and
physical measurements in water, three tests for trace metals in water, one
specific test each for silica, arsenic, and selenium, and other tests
incl
udin
g tr
ace
orga
nics
have
been
comp
lete
d.
Desc
ript
ions
of s
ome
of t
hese
tests follow:
Study #26 - Arsenic and Selenium in Water
April 1979, 16 Laboratories Participated
Stu
dy
#26
com
pri
sed
of
15
sam
ple
s d
eri
ved
fro
m w
ate
rs
of
the
Ham
ilt
on
Har
bou
r,
dis
til
led
wat
er,
and
var
iou
s s
pik
e c
omb
ina
tio
ns
of
eac
h.
Exp
ect
ed
ran
ges
for
the
sam
ple
s
wer
e
fro
m
= 1
to
100
ug/
L
for
eac
h
con
sti
tue
nt.
Tho
se
lab
ora
tor
ies
tha
t
use
d
dir
ect
mea
sur
eme
nt
by
car
bon
rod
or
gra
phi
te
fu
rn
ac
e
at
om
iz
at
io
n
fo
un
d
th
e
six
sa
mp
le
s
th
at
we
re
pr
es
er
ve
d
wi
th
0.
2%
v/
v
su
lf
ur
ic
ac
id
to
be
qu
it
e
tr
ou
bl
es
om
e
fo
r
se
le
ni
um
me
as
ur
em
en
ts
.
Al
so
,
so
me
la
bo
ra
to
ri
es
us
in
g
di
re
ct
me
as
ur
em
en
t
th
ro
ug
h
ni
ck
el
ni
tr
at
e
ad
di
ti
on
fo
un
d
th
ei
r
re
su
lt
s
to
be
su
pp
re
ss
ed
on
th
es
e
sa
mp
le
s
to
th
e
ex
te
nt
th
at
so
me
re
po
rt
ed
on
ly
"W
"
co
de
s,
es
se
nt
ia
ll
y
no
se
le
ni
um
.
Ot
he
rs
ob
ta
in
ed
re
su
lt
s
th
at
ap
pr
oa
ch
ed
th
os
e
la
bo
ra
to
ri
es
us
in
g
a
hy
dr
id
e
re
du
ct
io
n
to
hy
dr
og
en
se
le
ni
de
te
ch
ni
qu
e.
On
e
la
bo
ra
to
ry
in
di
ca
te
d
th
at
it
ma
de
up
ac
id
if
ie
d
st
an
da
rd
s
(.
2%
H2
50
“)
to
co
mp
en
sa
te
,
an
d
th
ei
r
re
su
lt
s
we
re
fo
un
d
to
be
cl
os
es
t
to
th
e
hy
dr
id
e
re
su
lt
s.
Up
on
in
qu
ir
y
on
wh
at
was
di
ff
er
en
t
fo
r
so
me
us
in
g
ca
rb
on
ro
d
or
gr
ap
hi
te
fu
rn
ac
e
to
ge
t
mo
re
co
mp
ar
ab
le
re
su
lt
s
wi
th
th
at
of
th
e
hy
dr
id
e
te
ch
ni
qu
e,
it
wa
s
su
gg
es
te
d
th
at
us
in
g
el
ec
tr
od
el
es
s
di
sc
ha
rg
e
la
mp
(E
DL
)
so
ur
ce
s
an
d
in
cr
ea
si
ng
as
hi
ng
ti
me
he
lp
ov
er
co
me
th
e
su
pp
re
ss
io
n
from H250“.
So
me
an
al
ys
ts
re
ma
rk
ed
th
at
ex
tr
a
ef
fo
rt
s
we
re
re
qu
ir
ed
be
ca
us
e
of
th
e
ac
id
ad
di
ti
on
.
Th
e
de
ci
si
on
to
ac
id
pr
es
er
ve
th
os
e
si
x
sa
mp
le
s
wa
s
be
ca
us
e
th
ey
we
re
fr
es
hl
y
pr
ep
ar
ed
.
Ex
pe
ri
en
ce
ha
s
sh
ow
n
th
at
fr
es
hl
y
pr
ep
ar
ed
sa
mp
le
s
de
te
ri
or
at
e
at
a
fa
ir
ly
fa
st
ra
te
an
d
th
en
,
af
te
r
ti
me
,
so
me
wh
at
st
ab
il
iz
e.
Th
e
ot
he
r
sa
mp
le
s
ha
d
be
en
pr
ep
ar
ed
so
me
ti
me
ag
o
an
d
ha
d
th
er
ef
or
e
be
co
me
su
it
ab
le
fo
r
us
e
wi
th
ou
t
a
pr
es
er
va
ti
ve
.
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The choice of sulfuric acid rather than nitric acid was based upon the
known difficulty in using some hydride procedures in the presence of nitric
acid. More than half the laboratories used a hydride procedure.
In future interlaboratory studies for which selenium is to be measured,
hydrochloric acid will be used as a preservative since it is believed that it
will not interfere with either technique.
With rather generous limits to escape flagging and removal of some
laboratories from the data set, three laboratories received no flags, three
received 1 flag, two received 2 flags, one received 5 flags, one received 12
flags, and one received 13 flags.
Study #27 — Major Ions, Nutrients, and Physical Measurements in Water
June 1979, 23 Laboratories Participated
Study #27 comprised of 12 samples prepared from rainfall, lakes Huron,
Ontario, Erie, and Michigan waters, Ottawa and Fraser river waters, and
laboratory reference waters. Sample constituents levels were designed to
represent open lake, nearshore, and some tributary waters.
Resu
lts
were
repo
rted
for
calc
ium,
magn
esiu
m,
sodi
um,
pota
ssiu
m, c
hlor
ide
sulphate, pH, alkalinity, hardness, total phosphorus, nitrate and nitrite,
tota
l K
jeld
ahl
nitr
ogen
, r
eact
ive
sili
cate
, f
luor
ide,
spec
ific
cond
ucti
vity
,
tota
l or
gani
c ca
rbon
, to
tal
inor
gani
c ca
rbon
, o
rgan
ic n
itro
gen,
tota
l
nitrogen, and ammonia.
The
find
ings
for
tota
l p
hosp
horu
s we
re e
arli
er d
iscu
ssed
in t
his
repo
rt
under the section on Laboratory Evaluations for Phosphorus.
For calcium, of the eighteen laboratories reporting 6 escaped flagging
altogether, three labs had only single flags, and four labs had double flags.
One laboratory was judged to be biased high and no labs were judged as biased
low. Generally most laboratories have demonstrated a competency for measuring
calcium in the study sample range of 0.5 to 61 mg/L.
- 14 _
0f the eighteen laboratories reporting on magnesium, seven escaped
flagging altogether, three labs were doubly flagged and several labs had
several flags. Three labs were judged to be biased low.
For sodium, of the twenty laboratories reporting, seven labs escaped
flagging, one laboratory received 1 flag, while twelve laboratories received 3
or more flags. Two laboratories were judged to be biased low while one was
judged high.
0f the nineteen laboratories reporting results for potassium, four labs
esca
ped
flag
ging
, t
hree
labs
were
doub
ly f
lagg
ed,
and
the
rema
inde
r 3
or m
ore
flags. One laboratory was judged biased low and two were judged high.
For chloride, of the twenty laboratories reporting, eight escaped
flag
ging
, o
ne w
as s
ingl
y fl
agge
d, a
nd t
hree
were
doub
ly f
lagg
ed.
Othe
r la
bs
rec
eiv
ed
3 o
r m
ore
fla
gs
and
two
lab
s w
ere
jud
ged
bia
sed
hig
h,
whi
le
one
biased low.
Res
ult
s f
or
the
oth
er
con
sti
tue
nts
fol
low
the
pat
ter
n d
esc
rib
ed
abov
e.
It
should be noted that for the most part those laboratories that escaped
flagging for a few constituents also generally did well for the others. Put
anot
her
way,
a la
bora
tory
that
perf
orms
well
for
a fe
w te
sts
gene
rall
y do
es
well
over
all.
Also
on t
he w
hole
, th
e la
bora
tori
es t
hat
cont
ribu
ted
the
bulk
of
the
dat
a f
or
the
GLI
SP
wer
e a
lso
the
lab
ora
tor
ies
tha
t p
rod
uce
d t
he
mos
t
comparable data for this interlaboratory study.
Study #29 — Total Metals in Water
Feb
rua
ry
198
0,
20
Lab
ora
tor
ies
Par
tic
ipa
ted
Stu
dy
#29
com
pri
sed
of
12
sam
ple
s
of
rai
n
wat
er,
lak
e w
ate
rs,
and
lab
ora
tor
y s
tan
dar
ds.
The
met
als
to
be
mea
sur
ed
wer
e a
lum
inu
m,
cad
miu
m,
cob
alt
, c
hro
miu
m,
cop
per
,
iro
n,
man
gan
ese
,
mol
ybd
enu
m,
nic
kel
,
lea
d,
van
adi
um,
and zinc.
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 Many laboratories had difficulty with the low level samples and some had
difficulties with all samples. For aluminum, two labs were judged as biased
high and one laboratory was judged low among the thirteen labs reporting. For
cadmium, of fourteen reporting labs, two labs were judged as biased high and
two as biased low. For the thirteen labs that reported for cobalt, three labs
were judged as biased low and two as biased high. The above examples are
typical throughout for the other constituents.
0f t
he s
ampl
es
dist
ribu
ted,
samp
le #
8 wa
s of
near
blan
k an
d lo
w in
orga
nic
con
ten
t,
whi
le
sam
ple
#10
was
low
in
met
ali
c c
ont
ent
but
hig
h i
n o
rga
nic
chem
ical
cont
ent.
To p
rovi
de
some
indi
cati
on o
f wh
ethe
r th
e sa
mple
matr
ix
aff
ect
s t
he
res
ult
s,
sam
ple
#8
wat
er
was
spi
ked
to
1/2
0 o
f s
amp
le
#1
to
pro
vid
e s
amp
le
#9
and
sam
ple
#10
wat
er
was
spi
ked
als
o 1
/20
of
sam
ple
#1
to
pro
vid
e s
amp
le
#11.
The
ref
ore
, i
f l
itt
le
dif
fer
enc
e i
n r
eco
ver
y i
s o
bse
rve
d
for
the
two
set
s,
mat
rix
eff
ect
s w
oul
d a
ppe
ar
min
ima
l.
Res
ult
s f
oll
ow:
DIFFERENCES FROM MEDIAN VALUES (ug/L)
Met
al
"Ex
pec
ted
"
(9-
8)
Low
Org
ani
cs
(11
-10
)
Hig
h
Org
ani
cs
Al
106
.3
110
103
Cd
4.4
4.0
4.2
Co
23.
33
23.
6
24.
]
Cr
4.5
4.5
4
3.1
0
Cu
5.2
4
5.4
5
5.0
0
Fe
10.
2
10.
0
0
Mn
6.5
0
4.0
.0
Mo
32.
5
31.
0
32.
5
Ni
27.
25
27.
0
30.
2
V
43.
45
43.
5
41.
5
Zn
5.8
25
1.0
5.0
Pb
18.
5
15.
0
16.
0
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From comparing the recovery differences in median vaiue for the sampie
with high organics with the sampie containing low organics iittie if any
matrix effect appeared present. Future studies of the Work Group wiii inciude
a simiiar technique to gather further evidence on sampie matrix effects.
Sampie #1 of the study was aiso used in another study among iaboratories
in which aii but three are not Great Lakes Internationai Surveiiiance Program
participating 1aboratories. A comparison of median vaiues obtained is given
beiow. Between tweive and twenty-nine iaboratories provided resuits for the
individuai constituents on the other study.
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 Comparison of the medians to the target vaiues of the sediment sampies
gave an average recovery siightiy above 70%, suggesting wide spread difficuity
with recoveries. Since there appeared to be recovery probiems, aii fiagging
was done from target vaiues rather than medians. However, it was noted that
severai of the participating Taboratories' resuits exhibited a commendabie
degree of within Taboratory precision.
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enough tests have beenconducted to establish with confidence that
laboratories are producing comparable data.
Due to the enormous cost in manpower and money to obtain environmental
data, it is essential that such data are of sufficient quality to detect
environmental trends, and to isolate the source of specific contaminants
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storage, and distribution, coupled with the necessary expertise to conduct
interlaboratory studies, provide the best means to conduct its round robins.
The Canada Centre for Inland Waters has consistently demonstrated this
capability. Given current financial and manpower restraints it is not known
whether the degree of past support provided at CCIW can be maintained for the
futu
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m t
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recognized as the principal laboratory for preparation, storage, and
distribution of interlaboratory study samples for the Work Group;
that the responsibility for providing interlaboratory study samples
be equitably shared by the appropriate agencies in both countries
through transfer of funds and/or provision of personnel;
that
meet
ings
of a
naly
tica
l c
hemi
sts
be h
eld
on a
t le
ast
an a
nnua
l
basis to foster understanding of the Agreement and the role
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s m
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eit
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at
io
n
be
in
cl
ud
ed
in
Wo
rk
Gr
ou
p
st
ud
ie
s
wh
ic
h
ar
e
sp
ec
if
ic
al
ly
de
si
gn
ed
to
pr
ov
id
e
sa
mp
le
s
at
ty
pi
ca
l
ef
fl
ue
nt
le
ve
ls
;
an
d
th
at
ag
en
ci
es
ac
ce
pt
th
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APPENDIX 1
STUDY #30 - PCBS IN SEDIMENT AND AMPULS
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Page Two
However, it should be noted that several of the participating
laboratories' results exhibited a commendable degree of within laboratory
precision.
Instead of reporting less thans, please use the w code to indicate the
lowest level at which the analytical procedure followed allows confidence in
identification.
Specific Comments
These comments are directly related to the results as displayed in Tables
2 and 3. Table 2 displays results corrected for known miscalculations and
errors in reporting. For reported total PCBs, this table has flagged
individual results and summarized ranked results for evaluation of bias.
Table 3 gives the ratios of Aroclors 1260/1254 reported, differences between
total PCBs reported and target values, and percent recoveries. This table
contains results uncorrected for known miscalculations and reporting errors;
footnotes discuss these errors. The graphs plot results on individual samples
and give a visual display of performance.
Your laboratory number is (see separate list for laboratory results
inserted).
Tables 12 4, and 5
Table 1 gives results as originally submitted with reporting and
calculation errors. Table 4 lists individual sample recoveries. Table 5
summ
arie
s pe
rcen
t re
cove
ry b
y la
bora
tory
for
ampu
ls a
nd s
edim
ents
sepa
rate
ly;
the standard deviations are included as an indication of consistency.
Appendices 1, 2 and 3
 
Appendix 1 contains a thorough description of the wet sediment sample
preparation. Appendix 2 gives the rationale for flagging results and a
glossary of terms. Appendix 3 is a summary of methods.
We appreciate your participation and invite comment on the evaluation.
Sincerely yours,
K. I. Aspila
Chairman, Data Quality Work Group
KIA:REw:JLC:hk
Enclosures as stated
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LABORATORY RESULTS
Your Taboratory number is g. Satisfactory resuTts on ampuTs. ResuTts on
sediment sampTes 3, 4, and 5 fTagged high. Ranking indicates a high bias.
The bias is virtuaTTy a constant on the sediment sampTes.
Your Taboratory number is 3, Satisfactory resuTts on aTT sampTes. There is
some indication of a possibTe recovery probTem on sediment sampTes 2, 5, and
7. The discerned ratios of 1254/1260 in sampTes 7 and 8 are a bit off.
Your Taboratory number is 4. Satisfactory resuTts on ampuTs. Low resuTts
fTagged on sediment sampTes 1, 2, 3, 5, 7, and 8; resuTts on 1, 2, 7, and 8
are very Tow. ResuTt on Tow TeveT sampTe 6 is fTagged high. ResuTts on
sampTes 2, 3, 4, and 6 are virtuaTTy identicaT aTthough target vaTues had a
twenty fon range. The PCB ratios discerned for the ampuTs are much cToser to
the target ratio of 1:1 than are the ratios discerned for the sediment
sampTes. The ratio discerned for sampTe 5 is anomaTous compared to the ratios
discerned on the other sediment sampTes.
Your Taboratory number is 5, ResuTt fTagged high on ampuT A due to
unexpTained 1016 contamination. ResuTts on sediment sampTes 1 and 2 fTagged
Tow, and there is aTso some indication of a recovery probTem on sampTes 7 and
8.
Resu
Tts
were
repo
rted
as e
ithe
r 12
54 o
r 12
60;
the
1:1
mixt
ure
of 1
254
and
1260 in aTT sampTes was not discerned.
Your Taboratory number is 2, Satisfactory resuTts on ampuTs. ResuTts on
sediment sampTes were originaTTy misreported due to caTcuTation errors. The
corrected resuTts on sediment sampTes 1 and 8 fTagged Tow. There may aTso be
recovery probTems with sampTes 2, 5, and 7.
You
r T
abo
rat
ory
num
ber
is 1
1,
Amp
uT
res
uTt
s m
isr
epo
rte
d a
s t
ota
T u
g/a
mpu
T
whi
ch
can
not
be
cor
rec
ted
sin
ce
amp
uT
voT
ume
s w
ere
not
mea
sur
ed.
Res
uTt
s o
n
aTT sediment sampTes satisfactory, but without resuTts on ampuTs, the
pos
sib
iTi
ty
of
off
set
tin
g b
ias
es
Tea
din
g t
o s
ati
sfa
cto
ry
res
uTt
s m
ust
be
considered.
Your
Tabo
rato
ry n
umbe
r is
14.
Resu
Tt o
n am
puT
A or
igin
aTTy
repo
rted
for
ampu
T
B a
nd
vic
e v
ers
a.
Cor
rec
ted
res
uTt
s f
Tag
ged
Tow
on
3 o
f 4
amp
uTs
and
4 o
f 8
sedi
ment
samp
Tes.
Rank
ing
indi
cate
s To
w bi
as.
Chro
mato
gram
quaT
ity
beTo
w
ave
rag
e,
per
hap
s d
ue
to
pre
sen
ce
of
poT
ar
soT
ven
ts.
The
pos
sib
Te
pre
sen
ce
of
ArocTor 1254 was noted, but the correct 1:1 ratio of the two ArocTors was not
discerned.
Your
Tabo
rato
ry n
umbe
r is
13.
Sedi
ment
and
ampu
T c
onte
nts
were
not
iden
tifi
ed
as
to
wha
t P
CBs
wer
e p
res
ent
.
FTa
gge
d T
ow
on
Amp
uT
C a
nd
sam
pTe
s 1
,
2,
7,
and
8. FTagged doubTy high on sampTes 4 and 6. SampTe 3 not reported because of
err
or
in
sam
pTe
han
dTi
ng.
Res
uTt
s a
re
qui
te
err
ati
c w
ith
ext
rem
eTy
hig
h
vaTues for sampTes 4 and 6.
Your
Tabo
rato
ry n
umbe
r is
16,
Resu
Tt o
n am
puT
D fT
agge
d hi
gh.
Resu
Tts
on
sed
ime
nt
sam
pTe
s T
, 2
, 5
, a
nd
8 f
Tag
ged
Tow.
125
4 w
as
mis
ide
nti
fie
d a
s 1
248.
Your laboratory number is 17. Results flagged low on ampuls A and C. Results
flagged low on sediment samples 1, 3, 5, 7, and 8. Some results were
misidentified as 1242.
Your laboratory number is 2;. Satisfactory results on ampuls. Satisfactory
results on sediment samples except for flagged result on sample 1 which is
quite ow.
Your laboratory number is 25. Satisfactory results on ampuls though a
tendency to be low. Results on 6 of 8 sediment samples flagged low. Ranking
indicates a clear low bias. Low bias may be due to chromic acid oxidation,
since it has been shown that for Aroclor 1016 such oxidation results in
serious losses. This is reported by Michael J. Szelewski, David R. Hill,
Stew
art
J. S
peig
il,
and
Edwi
n C.
Tiff
t, J
r.
Loss
of P
olyc
hlor
inat
ed B
iphe
nyl
Homologues During Chromium Trioxide Extraction of Fish Tissue, Anal. Chem.,
Vol. 51, 44, Dec. 1979, pp. 2405-2407. The correct 1:1 ratio for the two
Aroclors was more nearly discerned for the ampuls than for the spiked sediment
samples.
Your
labo
rato
ry n
umbe
r is
21.
Resu
lts
on a
mpul
s B
and
C fl
agge
d hi
gh.
Resu
lt
on
sed
ime
nt
sam
ple
1 f
lag
ged
low
and
res
ult
s o
n s
amp
les
4,
5,
6,
7,
and
8
fla
gge
d h
igh.
Ran
kin
g i
ndi
cat
es
a c
lea
r h
igh
bias
.
Per
hap
s s
tan
dar
ds
wer
e
low?
Rev
iew
of
chr
oma
tog
ram
s s
ugg
est
s t
hat
det
ect
or
res
pon
se
may
not
be
linear over the range of attenuations used.
You
r l
abo
rat
ory
num
ber
is 4
9.
Sat
isf
act
ory
res
ult
s o
n a
mpu
ls
tho
ugh
a
ten
den
cy
to
be
low
.
Res
ult
s o
n s
edi
men
t s
amp
les
2,
5,
7,
and
8 f
lag
ged
low
.
Perhaps standards were high.
You
r l
abo
rat
ory
num
ber
is
42.
Res
ult
s o
n a
mpu
ls
sat
isf
act
ory
bot
h
qu
al
it
at
iv
el
y
and
qu
an
ti
ta
ti
ve
ly
.
Re
su
lt
s
on
se
di
me
nt
s
qu
al
it
at
iv
el
y
sat
isf
act
ory
, h
owe
ver
,
it
is
not
pos
sib
le
to
ass
ess
qua
nti
tat
ive
fin
din
gs
si
nc
e
an
un
kn
ow
n
am
ou
nt
of
sa
mp
le
we
ig
ht
wa
s
di
sc
ar
de
d
th
ro
ug
h
po
ur
in
g
of
f
separated water.
You
r
lab
ora
tor
y
num
ber
is
44.
Sat
isf
act
ory
res
ult
s
on
all
sam
ple
s.
Re
co
ve
ri
es
ap
pe
ar
a
bi
t
lo
w
on
se
di
me
nt
sa
mp
le
s,
ex
ce
pt
fo
r
th
e
re
su
lt
on
sam
ple
5,
whi
ch
is
a b
it
inc
ong
ruo
us
wit
h t
he
oth
er
sed
ime
nt
res
ult
s.
Yo
ur
la
bo
ra
to
ry
nu
mb
er
is
45
.
Sa
ti
sf
ac
to
ry
re
su
lt
s
on
am
pu
ls
.
Re
su
lt
s
on
sed
ime
nt
sam
ple
s
1,
2,
and
—3
fla
gge
d
low
.
Res
ult
on
sam
ple
1
is
ver
y
low
.
Yo
ur
la
bo
ra
to
ry
nu
mb
er
is
41
.
Yo
ur
la
bo
ra
to
ry
's
re
su
lt
s
ar
e
no
t
in
co
rp
or
at
ed
wi
th
in
th
e
ta
bl
es
and
gr
ap
hs
be
ca
us
e
th
is
ma
te
ri
al
wa
s
pr
ep
ar
ed
se
ve
ra
l
mo
nt
hs
ag
o.
Re
su
lt
s
on
am
pu
ls
ar
e
sa
ti
sf
ac
to
ry
.
Fl
ag
ge
d
lo
w
on
se
di
me
nt
sa
mp
le
#1
fo
r
to
ta
l
PCB
s.
Fl
ag
ge
d
hi
gh
on
se
di
me
nt
Sa
mp
le
#6
fo
r
to
ta
l
PCB
s.
PC
B
Ar
oc
lo
r
12
42
sh
ou
ld
no
t
ha
ve
be
en
fo
un
d
pr
es
en
t
in
an
y
of
th
e
se
di
me
nt
sa
mp
le
s.
Pe
rh
ap
s
a
la
bo
ra
to
ry
co
nt
am
in
at
io
n
wa
s
pr
es
en
t
in
sa
mp
le
s
2
th
ro
ug
h
8.
Qu
al
it
at
iv
el
y
th
e
ra
ti
o
of
12
60
to
12
54
sh
ou
ld
ha
ve
be
en
1,
as
re
po
rt
ed
for
th
e
am
pu
ls
.
Wh
et
he
r
st
or
ag
e
of
th
e
sa
mp
le
s
ha
s
so
me
wh
at
al
te
re
d
th
e
PC
B
profiles remains a moot question.
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TABLE 3. Cont'd.
QUANTIFI
CATION 0
F SPECIF
IC AROCL
ORS AND
PERCENT
RECOVERY
OF TOTAL
PCBS
STUDY #3
0 - PCBS
IN SEDIM
ENT AND
AMPULS
 
April 25, 1980
SAMPLE
LAB. #14
LAB. #16
LAB:4#17
12508
Total 1° A
x
1254 12607
Total A %
12489 1260 1260
Target No.
1254
12
54
1260 1260
1254
Total
0.260
0.520
1.04
2.08
0.
27
1.20
0.55
0.29
0.
27
1.20
0.55
0.29
+.01
104
+.68 231
-.49
53
-1.79 14
+.02
108
0.54
+.02
104
1.42
+.38 1
37
2.02 -.06 97
0.05
0.14
0.20
0.45
0.20
0.38
1.16
1.
62
0.28
Q
m
D
<
0.
02
0.1
18
0.209
0.418
0.528
1.030
1.240
2.0
22
0.
02
0.06
0.
13
0.
24
0.43
0.48
0.73
1.41
0.02 0
100
0.06 -.058 51
0.13 —.079 62
0.24 -.178 57
0.04 0.15
0.20 -.22 48
0.43 —.098 81
0.07 0.25
0.34 -.19 64
0.48 ~.55 47 — - — — -
0.73 -.51 59 0.13 0.62 0.80 -.44 65
1.41 ~.612 70
0.32 0.89
1.24 —.78 61
0.01
0.03
0.04
0.01
0.06
0.11
0.02
0 1
00
0.10 -.02 85
0.15
—.06
72
\
D
V
M
N
m
e
r
—
i
  
0
.
1
4
0.
54
0.
74
0.86
.01511
0.0
331
2
0.0
461
2
0.1812
0.03612
0.31
0.26
0.2912
 
0.0
08
0.
06
4
0.26
0.27
0.0
321
1
0.041
0.0
55
0.
23
0.12
0.
18
0.18
0.49
0.06
0.12
0.35
0.
31
0.58
0.69
0.148
0.6
04
1.00
1.13
0.0
47
0.0
74
0.1
01
0.
41
0.156
0.49
0.42
0.78
-.11
+.08
-.04
—.95
+.27
c.04
-.11
—.01
—.37
—.54
-.82
—1.24
57
116
96
5
4
235
63
48
98
30
48
34
39
7Reporting ampuls A and B were mixed up, A should have been reported as B and B as A. Above results are
8All results quantified to 1260, however, analysts recognized the likely presence of 1254.
’Used 1248 rather than 1254 to qualify and quantify. Later by phone acknowledge that had suspected 1254
Expresse
d an in
terest i
n re-doi
ng.
1°Reported a combined calculation rather than a simple sum of individual PCB results.
llIdentified as 1254 and 1242; the 1254 figure is in the 1260 column.
12Results are based on 1242 identification and quantified from 1242.
as original
ly reported
.
rather t
han 1248
.
 
TABLE 3.
Cont'd.
April 25
, 1980
QUANTIFICAT
ION 0F SPEC
IFIC AROCLO
RS AND PERC
ENT RECOVER
Y OF TOTAL
PCBS
STUDY
#30 -
PCBS I
N SEDI
MENT A
ND AMP
ULS
 
SAMPLE
LAB. #23
LAB. #25
LAB. #27
Target N
o. 12
54 1
260
126013
Tota1
A
Z 1
254
1260
1260
Total
A %
1254
1260
1260
TotaT
A %
1254
1254
1254
0.260
0.520
1.04
2.08
0.14
0.14
1.0
0.28
+.02
108 0
.11
0.093
0.85
0.203
-.057
78 0
.31 0
.32
1.03
0.63
+.37
242
0.29 0.2
7 0.93
0.56 +.0
4 108
0.21 0.1
9 0.90
0.40 —.
12 77
0.42 0.3
7 0.88
0.79 +.2
7 152
0.5 0.5
1.0 1.0
-.04 96
0.41 0.3
6 0.88
0.77 ~.
27 74
0.72 0.6
5 0.90
1.37 +.3
3 132
0.9 1.0 1.11
1.9 -.18 91
0.85 0.73 0.86
1.58 -.50 76
1.3 1.1 0.53
2.4 +.32 115
u
m
o
<
_
3
7
_
0.02
0.
11
8
0.209
0.418
0.5
28
1.030
1.2
40
2.022
-
~
-
- 0.
026 <
.01
- 0
.026
+.006
130 0
.10
<.10
-
=.10
0.15 +.0
3 127
0.050 0.0
18 0.36
0.068 -.
05 58
0.15 0.1
3 0.87
0.28 +.1
62 237
0.25 +.0
4 120
0.075 0.0
34 0.45
0.109 -.
10 52
0.19 <.1
0 -
20.19
0.34 -.0
8 81
0.11 0.0
69 0.63
0.179 -.
24 43
0.24 0.1
5 0.63
0.39 —.0
28 93
0.52 -.0
1 98
0.14 0.0
8 0.57
0.220 -.
308 42
0.40 0.4
7 0.89
0.87 +.3
42 165
1.00 -.0
3 97
0.28 0.1
9 0.68
0.47 -.
56 46
0.81 0.6
3 0.78
1.44 +.4
1 140
0.60 0.65 1.08
1.25 +.01 101
0.33 0.24 0.73
0.57 -.67 46
0.84 1.1 0.89
1.94 +.70 156
0.59 -1.43 29
0.74 0.49 0.66
1.23 —.792 61
0.68 0.71 1.04
1.39 -.632 69
K
D
Q
‘
M
N
L
O
N
C
D
H
    
13Sediment
sampIes 1 t
hrough 5 an
d No. 7 qua
lified as 1
:1 mixture
of 1254/126
0 and calcu
1ated as su
ch.
  
 -
3
3
-
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E
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ont
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0
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B.
#4
4
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t No.
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Tot
a1
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0 126015
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Tot
aT
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1260
126015
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Total
0.2
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0.5
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1.
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q
u
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0.2
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0.4
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0.528
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1.240
2.0
22
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M
N
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m
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0.1
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0.375
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00
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0.0
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1.43
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.145
-.
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6
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6
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15
2
-.26
—.
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7
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8
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4
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 TABLE 5.
PERCENT RECOVERY BY LABORATORY* FOR PCB RESULTS
ApriT 25, 1980
STUDY #30
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WET
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St
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De
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% R
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y
(7
Sed
ime
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)
%
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R1
- R
2
LAB
.
R1
n=
4
R2
n=7
2
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.0
4
3.
77
19
8.
65
13
2.
22
-9
9.
61
3
11
3.
10
8.
41
85
.0
1
12
.9
0
28
.0
9
4
96
.0
7
17
.4
4
47
.2
4
27
.4
5
48
.8
3
5
11
5.
87
39
30
75
.1
9
16
.9
9
40
.6
8
9
91
.2
3
3.
29
79
.0
7
14
.2
6
12
.1
6
11
—
—
91
.4
7
16
.1
3
-
13
-
-
-
-
-
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67
.5
5
24
.2
8
61
.0
2
11
.7
1
6.
53
16
11
1.
30
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.3
9
65
.7
7
(n
=6
)
12
.1
7
45
.5
3
17
80
.8
9
30
.3
1
51
.2
4
23
.3
8
29
.6
5
23
10
0.
72
8.
29
93
.3
8
32
.1
2
7.
34
25
76
.2
5
1.
71
49
.5
3
7.
47
26
.7
2
27
16
0.
34
56
.6
5
13
5.
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.5
9
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.4
4
40
75
.7
3
2.
52
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.5
1
5.
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12
.2
2
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—
-
-
-
-
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-
-
—
-
—
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-
-
-
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-
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2
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6
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.0
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6
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8
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.9
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April 25, 1980
STUDY
#30
-
PCBS
IN
AMPULS
AND
SEDIMENTS
APPENDIX 1
SAMPLE PREPARATION
The PCBs in wet sediments study was designed and prepared by B. Lee and A.
S. Y. Chau of the Quality Assurance and Methods Section, Analytical Methods
Division, National Water Research Institute located at the Canada Centre for
Inland Waters, Burlington, Ontario, Canada.
The bulk reference sediment used for this study was collected in 1978 with
a double Shipex sediment sampler from Station 24 in Lake Ontario, about 10
miles north of Niagara River.
The lake's bottom was sampled to a depth of 10 cm, thereby including
material thought to be about 10,000 years old, which minimizes possible
contamination from high concentrations of PCBs and chlorinated hydrocarbon
pesticides that might be at the sediment water interface.
Sample 6 of this study represents a portion of the originally sampled
sediment. The other samples were spiked aliquots of the original sediment.
The procedure to spike sediments for interiaboratory tests or other laboratory
quality control purposes is described by Alfred S. Y. Chau, John Carron,
Hing-Bin Lee, Analytical Reference Materials. 1;. Preparation and Sample
Integrity g: Homogeneous Fortified Wet Sediment for Poiychiorinated Bipheny]
Quality Control Studies, J. Assoc. Off. Anal. Chem. (Vol. 62, Q, 1979), pp.
1312-1314.
   
The authors report in the summary portion of the paper:
"A simple method fer the preparation of a large quantity of
homogeneous wet sediment spiked with polychlorinated biphenyls (PCBS) is
presented. By using a large blender and adding water to form a thick
slurry, more than 2 kg spiked wet sediment was homogenizedand 100-200
subsamples of 10-15 g, each suitable for checking precision and accuracy
of a method or a laboratory, could be obtained.
_ 53 -
  
Eighteen Lake Ontario sediment subsamples were analyzed to check
homogeneity. The mean recovery was 97.9% for a 1:1 mixture of
Aroclors 1254 and 1260 fortified at 1 ppm; the coefficient of
var
iat
ion
was
5.4%
.
For
the
Geo
rgi
an
Bay
sed
ime
nt,
rec
ove
ry
for
5
replicates was 97.8% with a coefficient of variation of 3.2% for the
sam
e A
roc
lor
mix
tur
e f
ort
ifi
ed
at
0.6
29
ppm
.
Sub
sam
ple
s s
tor
e a
t
-200C for up to 3 months showed no losses of PCBs for these 2
sed
ime
nts
.
Sta
bil
ity
dat
a a
lso
pro
vid
ed
add
iti
ona
l s
upp
ort
for
the
homogeneity of the subsamples for these 2 sediments."
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e f
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fol
low
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STUDY #30 - PCBS IN AMPULS AND SEDIMENTS
APPENDIX II
CRITERIA USED FOR DETERMINING BIAS AND FLAGGING RESULTS
AND A GLOSSARY OF TERMS USED
Bias and Flagging:
A s
et
of
res
ult
s i
s s
aid
to
be
bia
sed
whe
n t
he
set
exh
ibi
ts
a t
end
enc
y t
o
be
eit
her
hig
her
or
low
er
tha
n s
ome
sta
nda
rd
- t
he
sta
nda
rd
whi
ch
has
bee
n
use
d i
n t
he
ana
lys
is
of
our
stu
die
s t
hus
far
has
bee
n t
he
per
for
man
ce
of
all
oth
er
par
tic
ipa
tin
g
lab
ora
tor
ies
.
The
ran
kin
g
pro
ced
ure
emp
loy
ed
in
tes
tin
g
for
bia
s i
s d
esc
rib
ed
in
w.
J.
You
den
's
pap
er,
"Ra
nki
ng
Lab
ora
tor
ies
by
Ro
un
d—
Ro
bi
n
Te
st
s”
fr
om
Pr
ec
is
io
n
Me
as
ur
em
en
t
and
Ca
li
br
at
io
n,
H.
H.
Ku,
Edi
tor
,
NBS
Spe
cia
l
Pub
lic
ati
on
300
-Vo
lum
e
1,
U.S
.
Gov
ern
men
t
Pri
nti
ng
Off
ice
,
Wa
sh
in
gt
on
,
D.C
.,
196
9.
In
thi
s
pa
pe
r,
Yo
ud
en
es
ta
bl
is
he
s
th
e
ra
ti
on
al
e
fo
r
ev
al
ua
ti
ng
la
bo
ra
to
ri
es
'
pe
rf
or
ma
nc
e
by
ra
nk
in
g
re
su
lt
s.
In
ou
r
us
e o
f
th
e
pr
oc
ed
ur
e
th
er
e
is
ab
ou
t
1
ch
an
ge
in
20
of
de
em
in
g
a
se
t
of
re
su
lt
s
bi
as
ed
wh
en
in
fa
ct
it
is
not
,
th
at
is,
a
= 0
.0
5.
 
Wh
en
th
er
e
ar
e
un
re
po
rt
ed
re
su
lt
s
or
re
su
lt
s
wh
ic
h
ar
e
no
t
ra
nk
ed
,
th
e
pr
oc
ed
ur
e
is
mo
di
fi
ed
sl
ig
ht
ly
fo
r
de
te
rm
in
in
g
hi
gh
bi
as
.
An
ad
ju
st
me
nt
is
ma
de
fo
r
th
e
de
cr
ea
se
d
po
ss
ib
le
to
ta
l
sc
or
e.
In
ad
di
ti
on
,
wh
en
a
pa
rt
ic
ul
ar
la
bo
ra
to
ry
ha
s
un
re
po
rt
ed
or
un
ra
nk
ed
re
su
lt
s,
an
ad
ju
st
me
nt
is
ma
de
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r
th
e
fe
we
r
nu
mb
er
of
sa
mp
le
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ra
nk
ed
.
Lo
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Li
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pt
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en
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at
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In
cr
em
en
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Th
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e
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et
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t
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su
lt
be
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g
fl
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d
ei
th
er
lo
w
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hi
gh
.
Fo
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mp
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et
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lu
e
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at
or
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w
th
e
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we
r
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e
of
ba
si
c
ac
ce
pt
ab
le
er
ro
r
th
e
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si
c
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ce
pt
ab
le
er
ro
r
is
us
ed
to
de
te
rm
in
e
th
e
ra
ng
e
of
ac
ce
pt
ab
le
deviations.
 
  
Since
for
almost
all
substances
it
appears
that
the
variability
of
results
increases with increases in concentration an allowance is made for the
increased variability for those sampes whose target values
are above the lower
limit for use of basic acceptable error.
The allowance is added to the basic
acceptable error, and it is calculated by multiplying the concentration error
increment by the difference between the target value and the lower limit for
use of basic acceptable error.
For example:
The lower limit for use of basic acceptable error for Total
PCBs in sediment (this study) is 0.1 ug/g, the basic acceptable error is
0.05 ug/g, and the concentration error increment is 0.3 ug/g. The target
value for sample #5 was determined to be 0.528 ug/g. The difference between
the target value and the lower limit for use of basic acceptable error is
0.528-0.10 = 0.428 ug/g. Multiplying this difference (0.428 ug/g) by the
concentration error increment (0.300) equals 0.1284 ug/g. This allowance is
added to the basic acceptable error of 0.05 ug/g to determine the acceptable
difference of 0.1784 ug/g for the sample. Therefore, any reported result
within the range 0.528 t .1784 or 0.3496 to 0.7064 pg/g would be
considered acceptable and not flagged.
A result is flagged high # when its value is greater than the target value
plus the acceptable difference but not greater than the target plus 1.5 times;
a result greater than 1.5 times the acceptable difference is flagged with ##.
Similarly, a result less than the target minus the acceptable difference but
not less than the target minus 1.5 times the acceptable difference is flagged
b; a lower result is flagged bb.
In general, the values chosen for the basic acceptable error and the
concentration error increment are derived primarily from the results received
for the range of samples analyzed, augmented by our judgment of reasonable
performance. The underlying concept is that if several laboratories are found
to perform adequately with the values chosen, then all laboratories
participating should be capable of that level of performance. In a sense the
values represent the present state of the art for analysis of this kind of
round-robin samples. As experience is gained, the values will be modified
-55-
 performance
and
that
over
time,
the
acceptable
ranges
for
results
will
become
somewhat tighter.
Out of Control:
An
analytical
system
is
said
to
be
out
of
control
when
it
has
demonstrated
the
ability
to
perform
adequately
and
produces
an
extreme
result
or
results.
For
an
example,
consider
the
set
of
results
by
laboratory
#3
on
total
phosphorus in Study #24.
Sample No.
Reported Value
Median
Difference
1
9
9.5
-.5
2
5
4.5
.5
3 2T 3 -1
4
8
8
O
5
2T
2.5
-.5
6 9 8 1
7 28 28 0
8 18 17 1
9 23 23.7 -.7
10 16 15 1
11 35 35.8 -.8
12
75
78.7
-3.8
l3 58 59 —1
14 110 90 20
Given the excellent results obtained on samples 1 through 13, the result
on sample 14 indicates that the analytical system was out of control.
ﬂ:
'
5
‘
A "W" code is used with a reported result when no measurement was possible
due to no response of the instrument to the sample. The "N" is preceded
by the smallest determinative division that can be used in the units used
in reporting.
The "T" code is used for results with values between the Criterion of
Detection and the “W” value. The Criterion of Detection is commonly
thought of by many as the limit of detection.
Satisfactory: Quite acceptable, “good results."
Erratic: A set of results fora given characteristic is deemed erratic when
both high and low flags are assigned.
-57..
 STUDY #30 - PCBs IN AMPULS AND SEDIMENTS
APPENDIX III
SUMMARY OF METHODS USED FOR TOTAL PCB IN SEDIMENT
LABORATORY #2
Extraction:
UItrasonic probe 10+1 soivent - sampTe with 1+1 hexane-acetone.
Activated copper used in extraction to remove suiphur.
Partition organic phase with water and back extract water phase with
benzene.
Dry combined organic phases (by passing through sodium suiphate?), add}
isooctane and evaporate to ca. 5 m1.
Ciean—up:
Fractionate the extract on standardized 28 g Fiorisii coiumn.
Use Hg in finai extracts to remove residuai suiphur.
Concentrate on rotary evaporator foiiowed by vortex evaporation.
Quaiification-Quantification:
Webb-McCaii - aii sampTes quantified against 1+1+1 mixture of Arociors
1242, 1254, and 1260.
Standards - 100 mg - pure - from U.S. EPA Research Triangie Park.
Coiumn - giass 1.8 m x 2.5 mm, 0V-101 — 3%, Chrom. w - 80/100.
Detector - Ni-63 ECD.
LABORATORY #3
Extraction:
Entire contents Soxhiet refiux 2 hr. using 1+1 acetone-hexane. 2nd refiux
22 hr. using 1+2 acetone-hexane.
Water partitioned from combined organic phases and extract dried using
sodium suiphate.
Extract concentrated using Kuderna-Danish evaporator with six baii Snyder
coiumn.
CTean-up:
Extract shaken with Hg to remove residuai suiphur and passed through
Fiorisii (soivent used?).
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 Qua]ification-Quantification:
Un
iq
ue
pe
ak
se
ie
ct
io
n
to
ma
tc
h
in
di
vi
du
ai
st
an
da
rd
s.
St
an
da
rd
s
-
10
0%
fr
om
Mo
ns
an
to
—
12
21
,
12
54
,
12
60
,
an
d
12
42
.
Co
iu
mn
—
g1
as
s
—
6
ft
.
x
2
mm
ID
,
SE
—3
0
-
3%
,
Ch
ro
m.
Q
-
80
/1
00
.
Detector - ECD
LABORATORY #4
Extraction:
Se
di
me
nt
s
ai
r-
dr
ie
d,
we
ig
he
d,
So
xh
le
t
ex
tr
ac
te
d
7
hr
.
wi
th
1+
1
acetone-hexane.
 
Ex
tr
ac
t
co
nc
en
tr
at
ed
in
a
Ku
de
rn
a-
Da
ni
sh
ev
ap
or
at
or
.
Ciean-up:
Ex
tr
ac
t
p
a
r
t
i
t
i
o
n
e
d
wi
th
ac
et
on
it
ri
ie
,
ba
ck
pa
rt
it
io
ne
d,
c
o
n
c
e
n
t
r
a
t
e
d
an
d
p
a
s
s
e
d
t
h
r
o
u
g
h
a
F
1
o
r
i
s
i
1
c
o
1
u
m
n
.
C
o
n
c
e
n
t
r
a
t
e
d
on
K
u
d
e
r
n
a
—
D
a
n
i
s
h
an
d
b
r
o
u
g
h
t
to
vo
i
um
e
.
G
a
s
c
h
r
o
m
a
t
o
g
r
a
p
h
e
d
a
n
d
if
s
u
1
p
h
u
r
p
r
e
s
e
n
t
c
o
n
c
e
n
t
r
a
t
e
t
r
e
a
t
e
d
w
i
t
h
m
e
r
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u
r
y
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n
d
t
h
e
n
r
e
—
c
h
r
o
m
a
t
o
g
r
a
p
h
e
d
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Q
u
a
]
i
f
i
c
a
t
i
o
n
-
Q
u
a
n
t
i
f
i
c
a
t
i
o
n
:
S
t
a
n
d
a
r
d
s
p
r
e
p
a
r
e
d
s
p
e
c
i
f
i
c
a
1
1
y
t
o
b
r
a
c
k
e
t
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h
e
s
a
m
p
l
e
g
.
c
.
r
e
s
p
o
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e
s
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S
p
e
c
i
f
i
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a
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u
s
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o
q
u
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n
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.
LABORATORY #5
Extraction:
S
a
m
p
i
e
s
d
i
r
e
c
t
i
y
t
r
a
n
s
f
e
r
r
e
d
t
o
S
o
x
h
i
e
t
e
x
t
r
a
c
t
o
r
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n
d
e
x
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r
a
c
t
e
d
1
0
h
r
.
w
i
t
h
1
+
1
A
c
e
t
o
n
e
-
H
e
x
a
n
e
.
E
x
t
r
a
c
t
s
d
r
i
e
d
o
v
e
r
s
o
d
i
u
m
s
u
l
p
h
a
t
e
a
n
d
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o
n
c
e
n
t
r
a
t
e
d
i
n
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K
u
d
e
r
n
a
—
D
a
n
i
s
h
evaporator.
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 Clean-up:
Samples
passed
through
Florisil
column,
eluting
with
200 ml
6% ethyl
ether
in
hexane.
Florisil
supplied
from Research
Triangle
Park
and
conditioned at 130°C before use.
Eluates
concentrated with
Kuderna—Danish
evaporator.
Qualification-Quantification:
Peak ratio techniques via data system used to identify and quantify PCBs
found present.
Standards - from U.S. EPA Research Triangle Park.
Column - glass l0' x l/8”, SP-2100, 3% on Supelcoport 100/120.
Detector - Ni-63 ECD.
LABORATORY #9
Extraction:
Ultrasonic washed twice with 50 ml portions of acetone and then vacuum
filter sample + extracts through Celite.
Water backwash and extracted with methylene chloride (1x100 ml + 2x50 ml).
Concentrate (?) and take representative aliquot.
Clean-up:
Aliquot passed through Florisil column (6 mm ID x 24 cm) and eluted with
pesticide free grade hexane.
Samples concentrated in Kontes rotary evaporator, 3 ml isooctane added
and then evaporated with clean air and 30°C to ca. 3 ml. Extract
re-constituted to 5 ml using hexane.
Qualification-Quantification:
Standardize with 4+1 mixture 1254-1260 and use individual Aroclor
standards (1242, 48, 54, and 60) as needed to quantify PCB sample
components.
Standards - pure - obtained from Monsanto.
Column - glass, 12 ft. x 2 mm, Dexil 300 GC - 3%, Chrom. WHP 60/80.
Detector - Ni-63 ECD
_ 5o _

 Clean—up:
Extract placed on pre—calibrated charge of Florisil and eluted with 30 ml
of 6% ethyl ether in petroleum ether for PCB and other non—polar
residues.
Evap
orat
ed o
n st
eam
bath
to c
a. 7
ml a
nd t
rans
ferr
ed t
o cu
ltur
e tu
bes
and
brought to 1 ml for analysis.
Qualification-Quantification:
Ide
nti
fy
PCB
s p
res
ent
by
pat
ter
n r
eco
gni
tio
n a
nd
qua
nti
fy
by
pea
k h
eig
hts
using major peaks for each PCB found.
Standards - pure - from U.S. EPA Research Triangle Park.
Col
umn
- ?
, 6
ft.
x
2 m
m
ID,
0V-
210
and
QF-
l
- 5
%,
Sup
elc
opo
rt
80/
100
and
100/120.
Detector - Ni-63 ECD.
LABORATORY #16
Extraction:
Sam
ple
pla
ced
in
gla
ss
sto
ppe
red
fla
sk
and
sha
ken
wit
h
40
ml
ace
ton
e
for
20
min
.
80
ml
hex
ane
the
n a
dde
d a
nd
sam
ple
sha
ken
ano
the
r 1
0 m
in.
Sol
ven
t
lay
er
dec
ant
ed
in
sep
ara
tor
y f
unn
el
and
ext
rac
tio
n
pro
ces
s
was repeated 2 more times.
80
0
ml
wa
te
r
ad
de
d
to
se
pa
ra
to
ry
fu
nn
el
and
ac
et
on
e
pa
rt
it
io
ne
d
fr
om
he
xa
ne
lay
er.
Ex
tr
ac
t
th
en
pl
ac
ed
ov
er
so
di
um
su
lp
ha
te
fo
r
18
hrs
.
to
dry.
Ex
tr
ac
t
tr
an
sf
er
re
d
and
co
nc
en
tr
at
ed
in
Ku
de
rn
a-
Da
ni
sh
ev
ap
or
at
or
and
a
1
ball Snyder column.
Clean-up:
An
al
iq
uo
t
pl
ac
ed
ov
er
de
—a
ct
iv
at
ed
al
um
in
a,
el
ut
ed
wi
th
he
xa
ne
,
an
d
concentrated to 1 ml in K-D.
Tre
ate
d
wit
h m
erc
ury
to
rem
ove
sul
phu
r
and
pla
ced
ove
r
a s
ili
ca
gel
col
umn
fo
r
fu
rt
he
r
cl
ea
n-
up
.
El
ut
ed
wi
th
he
xa
ne
an
d
su
bs
eq
ue
nt
ly
concentrated in K-D.
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 Qualification-Quantification:
Peak matching to standards and response factors applied. All peaks used
to sum totals for quantity present.
Standard - pure — from EPA.
Col
umn
— g
las
s c
oil
, 6
ft.
x 2
mm
ID,
SP-
210
0 a
nd
SP-
225
0/2
401
— 3
% a
nd
1.5/1.95%, Supelcoport 80/100 and 100/200.
Detector - Ni-63 ECD
LABORATORY #17
Extraction:
Sam
ple
sti
rre
d
wit
h
300
mg
ace
ton
itr
ile
plu
s
10
ml
sul
phu
ric
aci
d;
li
qu
id
de
ca
nt
ed
an
d
2
mo
re
ex
tr
ac
ti
on
s
ma
de
wi
th
10
0
ml
ea
ch
ac
et
on
it
ri
le
.
Ex
tr
ac
ts
fi
lt
er
ed
th
ro
ug
h
Ce
li
te
pad
.
Fi
lt
ra
te
di
lu
te
d
1:
1
wi
th
di
st
il
le
d
wa
te
r
an
d
pa
rt
it
io
ne
d
3
ti
me
s
wi
th
pe
tr
ol
eu
m
et
he
r,
15
0,
90
,
an
d
60
ml
s,
re
sp
ec
ti
ve
ly
.
Pe
tr
ol
eu
m
et
he
r
la
ye
r
dr
ie
d
by
fi
lt
er
in
g
th
ro
ug
h
so
di
um
su
lp
ha
te
.
Ex
tr
ac
t
co
nc
en
tr
at
ed
to
2
ml
wi
th
st
re
am
of
pu
re
ai
r.
Clean-up:
Ex
tr
ac
ts
pl
ac
ed
ov
er
Fl
or
is
il
PR
(3
0
g)
an
d
el
ut
ed
wi
th
30
0
ml
he
xa
ne
an
d
co
nc
en
tr
at
ed
to
2
ml
;
th
en
di
lu
te
d
to
10
ml
wi
th
be
nz
en
e.
Ex
tr
ac
t
su
bj
ec
te
d
to
me
rc
ur
y
to
re
mo
ve
su
lp
hu
r.
Q
u
a
l
i
f
i
c
a
t
i
o
n
-
Q
u
a
n
t
i
f
i
c
a
t
i
o
n
:
Th
re
e
Ar
oc
lo
rs
us
ed
fo
r
st
an
da
rd
iz
at
io
n
(1
24
2,
12
54
,
an
d
12
60
)
in
du
pl
ic
at
e
fo
r
ea
ch
PC
B
an
al
ys
is
se
qu
en
ce
,
an
d
We
bb
-M
cC
al
l,
g.
gh
rg
m.
§c
i.
11
,
36
66
(1
97
3)
te
ch
ni
qu
e
us
ed
fo
r
qu
an
ti
fi
ca
ti
on
.
St
an
da
rd
s
-
pu
rc
ha
se
d
in
so
lu
ti
on
,
Na
no
ge
ns
,
an
d
di
lu
te
d
ap
pr
op
ri
at
el
y.
Co
lu
mn
-
st
ai
nl
es
s
st
ee
l,
6
ft
x
l/
8"
0D
,
SP
-2
10
0
-
3%
,
Su
pe
lc
op
or
t
100/120.
D
e
t
e
c
t
o
r
-
p
u
l
s
e
d
N
i
-
6
3
EC
D.
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 LABORATORY #23
Extraction:
Total contents + 609 sodium sulphate mixed and extracted by Soxhlet for 8
hrs. with 300 ml 1+1 acetone-hexane.
Extract blown down using gentle stream of air.
Clean-up:
Ext
rac
ts
pas
sed
thr
oug
h c
a.
20
gm
Flo
ris
il
wit
h 2
00
ml
6%
ethy
l e
the
r i
n
hexane.
Extracts injected and those containing interferring
sul
phu
r w
ere
tre
ate
d w
ith
sev
era
l
ml
of
eth
ano
l
and
pot
ass
ium
hyd
rox
ide
pel
let
s.
Sam
ple
ext
rac
ts
pla
ced
in
vol
ume
tri
c f
las
ks
for
analysis.
Qualification-Quantification:
Aro
clo
r m
ixt
ure
s m
ost
clo
sel
y a
ppr
oxi
mat
ing
the
spe
cif
ic
sam
ple
chr
oma
tog
ram
wer
e
pre
par
ed
fro
m
exi
sti
ng
sta
nda
rds
.
All
of
the
pea
ks
in
the
sam
ple
whi
ch
mat
ch
the
sta
nda
rd
for
bot
h r
ete
nti
on
tim
e a
nd
pea
k s
hap
e
we
re
su
mm
ed
an
d
co
mp
ar
ed
to
th
os
e
of
th
e
st
an
da
rd
.
St
an
da
rd
s
—
pu
re
-
fr
om
EP
A
Re
se
ar
ch
Tr
ia
ng
le
Par
k
or
loc
al
St
at
e
Dep
t.
of
Agriculture.
Col
umn
- g
las
s,
6 f
t.
x
l/4
",
SE—
30
and
0V-
210
- 4
% a
nd
6%,
Chr
omo
sor
b
w
80/100.
Detector - ECD.
 
LABORATORY #25
Extraction:
Sa
mp
le
s
air
dr
ie
d,
gr
ou
nd
,
and
an
al
iq
uo
t
So
xh
le
t
ex
tr
ac
te
d
wi
th
1+1
ac
et
on
e-
he
xa
ne
fo
r
8
hrs
.
Ev
ap
or
at
ed
in
Ku
de
rn
a—
Da
ni
sh
to
10
ml.
Transferred to separatory funnel.
Tw
ic
e
pa
rt
it
io
ne
d
he
xa
ne
so
lu
ti
on
wi
th
ac
et
on
it
ri
le
and
ba
ck
pa
rt
io
ne
d
in
to
hex
ane
fro
m
ace
ton
itr
ile
- w
ate
r
pha
se.
Was
hed
hex
ane
lay
er
twi
ce
wi
th
wa
te
r.
Dr
ie
d
he
xa
ne
wi
th
so
di
um
su
lp
ha
te
and
ev
ap
or
at
ed
in
a
Kuderna-Danish evaporator.
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Clean-up:
Sample passed through Florisil using hexane as eluant.
concentrated in Kuderna—Danish evaporator. Samples re-cleaned up
with a chromic acid oxidation coupled with a micro—Florisil column.
Sample eluate
Qualification-Quantification:
Peaks for each Aroclor given a weight percent value, for 1254 first six
peak
s an
d fo
r 12
60 l
ast
six
peak
s, p
eaks
prom
inen
t an
d in
comm
on f
or
both PCBs not used.
Standards - pure - from U.S. EPA Research Triangle Park.
Col
umn
- g
las
s,
6 f
t x
2 m
m I
D,
0V-
210
/0V
-17
- 1
.95
/1.
5%,
Var
apo
rt
100
/12
0.
Detector - Ni-63 ECD.
LABORATORY #27
Extraction:
Sam
ple
s
wer
e
air
dri
ed
the
n
ext
rac
ted
wit
h
hom
oge
niz
er
and
1+1
ac
et
on
e—
he
xa
ne
(s
am
pl
e/
so
lv
en
t
ra
ti
o?
).
Ex
tr
ac
ts
we
re
wa
sh
ed
wi
th
wa
te
r
to
re
mo
ve
ac
et
on
e;
th
e
wa
te
r
wa
s
ba
ck
ex
tr
ac
te
d
wi
th
15
%
me
th
yl
en
e
ch
lo
ri
de
in
he
xa
ne
.
Ex
tr
ac
ts
co
mb
in
ed
,
pa
ss
ed
th
ro
ug
h
so
di
um
su
lp
ha
te
an
d
ev
ap
or
at
ed
wi
th
a
Ku
de
rn
a-
Da
ni
sh
ev
ap
or
at
or
.
Clean-up:
Sa
mp
le
ex
tr
ac
ts
cl
ea
ne
d
up
wi
th
Fl
or
is
il
co
lu
mn
us
in
g
6%
me
th
yl
en
e
ch
lo
ri
de
in
he
xa
ne
as
el
ua
nt
.
El
ua
te
s
th
en
co
nc
en
tr
at
ed
in
Ku
de
rn
a—
Da
ni
sh
ev
ap
or
at
or
.
Qu
al
if
ic
at
io
n-
Qu
an
ti
fi
ca
ti
on
:
In
di
vi
du
al
st
an
da
rd
s
co
mp
ar
ed
wi
th
sa
mp
le
re
sp
on
se
s.
Id
en
ti
fi
ed
as
mi
xt
ur
e
of
12
54
,
12
60
an
d
qu
an
ti
fi
ed
as
su
ch
by
av
er
ag
e
pe
ak
he
ig
ht
of selected peaks.
St
an
da
rd
s
-
pu
re
-
fr
om
U.
S.
EP
A
Re
se
ar
ch
Tr
ia
ng
le
Pa
rk
.
Co
lu
mn
-
gl
as
s,
4
ft
.
x
4
mm
,
OV
-l
3%
,
Su
lp
el
co
po
rt
80
/1
20
.
Detector - Ni—63 ECD.
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LABORATORY #40
Extraction:
Wet
samp
les
mixe
d wi
th (
4+1)
sodi
um s
ulph
ate—
samp
le a
nd e
xtra
cted
by
Soxhlet for 24 hrs. with 41% hexane in acetone. Extracts washed
three times with water to remove acetone, then water-acetone back
extracted with hexane.
Clean-up:
Com
bin
ed
ext
rac
ts
pas
sed
thr
oug
h s
ili
ca
gel
/so
diu
m s
ulp
hat
e c
olu
mn
wit
h 2
%
eth
yl
eth
er
in
pet
rol
eum
eth
er
as
elu
ant
.
Ext
rac
ts
con
cen
tra
ted
in
Kud
ern
a—D
ani
sh
eva
por
ato
r w
ith
3 b
all
Sny
der
col
umn.
Ext
rac
ts
fur
the
r c
lea
ned
up
wit
h
a 2
% w
ate
r d
eac
tiv
ate
d s
ili
ca
gel
col
umn
.
Sulphur removed by adding activated copper.
Qualification-Quantification:
Two
sta
nda
rd
cur
ves
of
fou
r c
onc
ent
rat
ion
s w
ere
use
d.
A l
eas
t s
qua
res
fit
for
pea
k
hei
ght
s
vs.
con
cen
tra
tio
n
was
use
d
to
qua
nti
fy.
Sam
ple
res
ult
s
for
PCB
s 1
254
and
126
0 w
ere
fir
st
ver
ifi
ed
as
1+1
mix
tur
e b
y
ind
ivi
dua
l
cal
cul
ati
ons
;
the
n
tot
al
was
cal
cul
ate
d
usi
ng
1+1
sta
nda
rd
mixture of 1254, 1260.
St
an
da
rd
s
—
pur
e,
fr
om
U.S
.
EP
A
Re
se
ar
ch
Tr
ia
ng
le
Par
k.
Co
lu
mn
-
gl
as
s,
6
ft.
x
2 m
m
ID,
0V
-1
01
3%,
Ch
ro
mo
so
rb
WH
P
80
/1
00
.
Detector - Ni-63 ECD.
LABORTORY #44
Extraction:
Sa
mp
le
s
dr
ie
d
to
ca.
5%
mo
is
tu
re
at
am
bi
en
t
te
mp
er
at
ur
e
and
ex
tr
ac
te
d
by
sh
ak
in
g
fo
r
2
hrs
.
wi
th
1+1
ac
et
on
e-
he
xa
ne
.
Fi
lt
er
ed
al
iq
uo
t
pa
rt
it
io
ne
d
in
to
he
xa
ne
th
ro
ug
h
wa
te
r
ad
di
ti
on
.
Clean—up:
Pre
lim
ina
ry
cle
an—
up
wit
h
act
iva
ted
Flo
ris
il;
the
n
PCB
s
fra
cti
ona
ted
on
coc
onu
t
cha
rco
al
col
umn
.
Ext
rac
ts
con
cen
tra
ted
in
a r
ota
ry
vac
uum
evaporator at 450C.
_ 55 _
 
 Qualification—Quantification:
Individual standards of varying concentration used. Response patterns
indicated 1+1 mixture of 1260, 1254. Total PCB quantified using
sumnation of peak heights according to Dr. Reynolds numbering system.
Stan
dard
s -
pure
, o
btai
ned
seve
ral
year
s a
go f
rom
Dr.
Linc
oln
M. R
eyno
lds,
Ontario Research Foundation.
Col
umn
- g
las
s,
1.8
m x
2 m
m I
D,
0V-
17/
0V-
210
- 1
.5/
2.0
%,
Gas
Chr
om.
Q
100/120.
Detector - constant current ECD.
LABORATORY #45
Extraction:
Sam
ple
s w
ere
air
dri
ed
for
one
day
, m
ixe
d w
ith
sod
ium
sul
pha
te
and
ex
tr
ac
te
d
wi
th
So
xh
le
t
ov
er
ni
gh
t
wi
th
he
xa
ne
as
so
lv
en
t.
Sa
mp
le
extracts were then concentrated (with KD?).
Clean-up:
Ex
tr
ac
ts
cl
ea
ne
d
up
us
in
g
ac
ti
va
te
d
Fl
or
is
il
PR
gr
ad
e
wi
th
6%
eth
yl
et
he
r
in
pe
tr
ol
eu
m
et
he
r
as
el
ua
nt
-
20
9
Fl
or
is
il
+
l/
2"
so
di
um
su
lp
ha
te
+
20
0
ml
el
ua
nt
.
El
ua
te
s
ev
ap
or
at
ed
us
in
g
Ku
de
rn
a-
Da
ni
sh
ap
pa
ra
tu
s.
Qu
al
if
ic
at
io
n-
Qu
an
ti
fi
ca
ti
on
:
In
di
vi
du
al
st
an
da
rd
s
of
PC
Bs
an
d
th
ei
r
co
nc
en
tr
at
io
ns
we
re
ch
ro
ma
to
gr
ap
he
d
to
es
ta
bl
is
h
li
ne
ar
it
y
an
d
pa
tt
er
ns
.
Sa
mp
le
re
sp
on
se
s
de
mo
ns
tr
at
ed
12
60
-1
25
4
pa
tt
er
ns
.
Us
in
g
da
ta
sy
st
em
,
sa
mp
le
re
sp
on
se
s
we
re
co
mp
ar
ed
wi
th
st
or
ed
in
te
gr
at
io
ns
of
st
an
da
rd
s
an
d
th
en
qu
an
ti
fi
ed
.
St
an
da
rd
s
—
pu
re
,
fr
om
U.
S.
EP
A
Re
se
ar
ch
Tr
ia
ng
le
Pa
rk
.
St
an
da
rd
s
va
ri
ed
s
o
m
e
w
h
a
t
f
r
o
m
a
m
p
ul
s
.
Co
lu
mn
-
gl
as
s,
30
5
cm
x
2
mm
ID
,
GE
Vi
sc
as
il
30
,0
00
-
7.
5%
,
Ga
s
Ch
ro
m.
0
80/100.
Detector - Ni-63 ECD.
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 GUIDELINES FOR
CONTROL
OF ANALYTICAL
PROCEDURES
IN AN INTRALABORATORY QUALITY CONTROL PROGRAM
Scope:
The following guidelines are applicable to laboratories for all data
provided to the International Great Lakes Surveillance Program.
Assumptions:
1. The analytical methods used are appropriate for the surveillance tasks;
they are essentially bias free, are capable of being brought into a state
of statistical control at the precision required, and have adequate
sensitivity to analyze environmental samples at the levels of interest.
2. Quality assurance procedures for field operations such as sample
collection, container selection, preservation, transportation and storage
have been satisfactorily implemented and are therefore not addressed
herein. However, for ship laboratories and other field laboratories, it
is understood that intralaboratory quality control may include analysis of
field blanks and field duplicates.
3. The laboratory has designated the person or persons responsible for
quality control together with development of an adequate reporting system
such that the laboratory director and any other senior managers are kept
apprised of the laboratory's performance and can substantiate it.
General Considerations:
Any analytical procedure that is in a state of statistical control will
hav
e a
n i
nhe
ren
t v
ari
abi
lit
y a
s o
ne
of
its
cha
rac
ter
ist
ics
.
For
a g
ive
n
proc
edur
e th
is v
aria
bili
ty i
s ir
redu
cibl
e,
that
is,
ther
e is
no i
dent
ifia
ble
factor which contributes to procedure variation (no assignable cause).
The
mea
sur
e o
f p
roc
edu
re
var
iab
ili
ty
whi
ch
we
wil
l
use
is
the
est
ima
te
of
the
pop
ula
tio
n s
tan
dar
d d
evi
ati
on.
The
spe
cif
ic
pop
ula
tio
n o
f i
nte
res
t i
s t
he
pop
ula
tio
n o
f b
etw
een
run
ana
lys
es;
bet
wee
n r
un
ana
lys
es
are
cho
sen
rat
her
  
 than
within
run
analyses
because
we
are
interested
in
monitoring
performance
across
runs.
However,
with
highly
labile constituents
it may
be
necessary
to
use
an
estimate
of
the
standard
deviation
of
the
population
of
within
run
analyses.
To obtain a reliable initial estimate of the population standard deviation
40 to 50 data are needed.
They may be either duplicates analysed in separate
runs or analyses of a stable standard in separate runs; examples of both will
be given.
Highly labile constituents may, however, require an estimate based
on duplicates analysed in the same run.
Once the estimate is obtained, control limits can be set for the
analytical procedure which, if exceeded, indicate that the procedure is
probably out of control. The control limits are commonly set at 3 standard
deviations (3o limits). These limits imply an a = 0.0027 or about 3
chances in 1000 of judging an in control procedure to be out of control.
Control limits are generally incorporated into control charts which
provide an immediate visual record of performance. If a procedure goes out of
control, the point(s) at which control is lost can be easily identified.
Two types of control charts can be differentiated: those that monitor
accuracy and those that monitor precision.
An example of the former is a
chart that monitors results on a known, stable standard; violation of a
control limit indicates that the analytical procedure is not producing
accurate results.
The difficulty may be due to bias, may be due to a loss of
precision, or may stem from a combination of the two. An example of the
latter is a chart that monitors the range of duplicate analyses on a sample
whose value is unknown; violation of a control limit indicates that precision
has been lost. However, information regarding possible bias is not provided
either by control limit violation or the lack thereof.
Estimating Analytical Procedure Variability:
The essential first step in developing a control system for an analytical
procedure is to acquire a sound estimate of procedure variability when the
procedure is in a state of statistical control.
Once the estimate has been
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obtained, it can be used to set contro] limits for the monitoring of both
accuracy and precision.
Examp1e 1 — Using Dup1icates
Consider the fo110wing 50 pairs of results, in ug/L, on dup1icates which
were anaiysed in different runs.
1st Result 2nd Resu1t Range
50
37
22
17
32
46
26
26
61
44
4o
36
29
26
36
47
16
18
26
35
26
49
33
4o
16
46
36
19
20
34
46
28
30
58
45
44
35
31
38
36
45
20
21
22
36
25
51
32
38
13
(
A
J
N
r
—
I
N
I
—
I
H
-
h
w
-
D
N
O
N
N
H
4
>
H
0
J
4
>
N
O
N
W
U
Q
H
4
>
-73..
39
25
20
12
28
35
22
26
41
2O
22
37
29
34
17
43
56
30
20
36
43
22
35
53
47
 
42
25
18
10
32
40
22
25
40
21
4O
35
26
35
19
44
53
32
21
32
39
21
36
50
47
 
lst Resu1t 2nd Resu1t Range
o
w
D
—
I
D
—
I
t
h
—
‘
N
W
D
—
‘
N
I
—
I
w
m
m
r
—
I
O
—
I
I
—
I
O
U
'
I
b
N
N
l
-
‘
w
 
 Two of the ranges obtained, 12 and 18, strongly suggest that the
analytical system was out of control; these two values are discarded. The
remaining 48 ranges are summed and the average range, R, found.
4 + 1 + 3 .... + 3 + o = 101
E = 101/48 = 2.104
An estimate of the standard deviation, 5, is obtained from the average
range of duplicate analyses by dividing by 1.128, the proper factor for
acquiring a standard deviation estimate from ranges derived from duplicates.
s = €f§§§ = 1.865 ug/L
Example 2 — Using a Stable Standard
Consider the following 50 results, in ug/L, obtained by analysing a
stable standard in separate runs.
35.
1
131
.8
36.
4
33.
8
33.
0
34.
2
33.
2
35.
0
32.
1
34.
3
37.
2
33.
7
33.
7
31.
4
24.
7
32.
9
34.
3
33.
9
35.
9
35.
6
38.
2
34.
2
32.
7
35.
6
33.
5
30.
2
33.
1
35.
6
34.
1
40.
1
34.
5
32.
7
34.
9
31.
5
35.
8
34.
6
34.4
31.1
36.2
36.4
33.9
33.8
49.6
34.8
34.0
32.6
35.5
33.0
34.3 35.3
Mean of all values = 34.368
Mean of 48 values (omitting 24.7 and 49.6), Y = 34.252083
The two values 24.7 and 49.6 clearly indicate that the procedure was out
of control; they are discarded. The value 40.1 is marginal and represents a
-74-
 more
difficult
decision;
in
this
example
it
is
left
in,
provisionally.
The
estimate
of
the
standard
deviation,
5,
is
obtained
in the
usual
way.
 
' -2
$2 = 2X1 - NX
N-l
2
$2 = 56,470.35 - 48 (34.252083)
47
s2 = 3.32978
5 = 1.825 ug/L (provisional value, see Example 7 below)
If the two omitted values had been included in the calculation, the
estimated standard deviation would have been a badly inflated 3.138 pg/L.
It should be noted that s is expressed in absolute rather than relative
ter
ms.
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e p
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con
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appears to change significantly, the procedure should be carefully reviewed to
ascertain the cause.
The following method may be used to test for change in procedure variability.
Example 3 - Testing for Change in Variability
Suppose an initial estimate of an analytical procedure's standard
deviation is obtained, 51 = 1.796 ug/L, based on a data set of 61
items and therefore having associated with the estimate 60 degrees of
freedom. A new estimate, s2 = 2.145 pg/L, is then obtained based on
41 additional measurements, and thus having 40 degrees of freedom.
The ratio of the two estimates of the variance is found,
512 1.7962 3.225616
— - = 0.701
 
s22 2.1452 4.601025
and the ratio compared to appropriate values of the F distribution.
Testing at an a-level = 0.05, the appropriate upper value is simply the
tabulated value for the upper 2.5% point of the F distribution with 60 and 40
degrees of freedom; this tabulated value is 1.80. Obtaining the appropriate
lower value requires a little arithmetic.
The tabulated value for the upper
2.5% point of the F distribution with 40 and 60 degrees of freedom (note the
reversal) is found and its reciprocal taken, 1/1.74 = 0.575, to give the
required value.
Since the ratio of the two estimates of the analytical procedure variance,
0.701, lies between the values 0.575 and 1.80, we would not conclude that the
variability of the procedure had changed.
This test differs from the usual F test in that it is two-tailed, there
being no a priori reason for assuming that one variance estimate would be
greater than the other.
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 When
it
appears
that
the
variability
of
an
analytical
procedure
has
not
changed,
a
pooled
estimate
of
variability
may
be
obtained
as
follows:
Example
4
-
Pooling
Estimates
of
Variability
The pooling method consists of weighing the two variance estimates by
the
size of the respective data sets from which they were obtained, summing the
weighed variance estimates, and dividing the sum by the sum of the degrees of
freedom associated with the two estimates.
The guotient which results is the
pooled variance estimate, $2, from which the new, pooled estimate of the
standard deviation, 5, is obtained.
Using the data of Example 3 we have
61(1.796)2 + 41(2.145)2
 
$2 = 60 + 40
196.7626 + 188.6420
52 =‘“”'“‘”‘Too”'" "
$2 = 3.854
s = 1.963 ug/L
When a pooled estimate of the procedure standard deviation is obtained,
new control limits should be calculated using the revised estimate.
Setting Control Limits:
There are two goals in setting control limits. They should be close
enough to signal when there is trouble with a system, and they should be
distant enough to discourage tinkering with a system that is operating within
its capabilities. Since these two goals are antithetical, a compromise is
necessary. The compromise which has been found satisfactory in a great many
applications is the use of 30 control limits, and they are illustrated here.
_ 77 _
 
  
Example 5 - Use of a Known
A
known
sample
whose
concentration
is
32.7
ug/L
is
analysed
by
a
procedure
whose
estimated
standard
deviation
is
2.131
ug/L.
The
control
limits
are
32.7
t
3
x
2.131
or
26.31
and
39.09.
Assuming
that
results
can
be
read
to
tenths
of
a
microgram,
a
result
>26.3
and
$39.1
is
judged
acceptable.
Example
6
—
Use
of
an
Unknown
Duplicate
An
unknown
duplicate
sample
is
analysed
in
separate
runs
by a procedure
whose
estimated
standard
deviation
is
1.537
ug/L.
The
control
limit
for
the
range of the two analyses
is 1.537 x 3.686 or 5.67; 3.686 is the proper factor
for
duplicate
ranges.
Assuming
that
results
can
be
read
to
tenths
of
a
microgram,
a pair
of
results
whose
range
is 45.7
is judged
acceptable.
Example
7 - Correcting
an
Initial
Estimated
Standard Deviation
In Example
2 the
value
40.1
ug/L
was
provisionally
allowed
to
remain
in
the
data
set
for
which
an
estimated
standard
deviation
of
1.825
ug/L
was
obtained.
We
now determine
whether
the
40.1
should
remain
in the
data
set.
From the results of Example 2 we can calculate the 30 control limits
34.252 t 3 x 1.825 or 28.8 and 39.7.
Since 40.1 is larger than the upper control limit 39.7, there is
sufficient evidence to discard this value also.
The estimate of the standard deviation is now recalculated from the 47
item data set to give 5 = 1.626 ug/L.
The new sample mean is 34.128,
resulting in new control
limits of 29.3 and 39.0 which encompass the 47 values
remaining in the data set.
Example 8 - A Special Case, Use of Recovery Data
The use of recovery data for control purposes
presents
some special
problems which are dealt with in this example.
We begin with estimation of
the variability associated with the determination of recoveries.
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Deviation
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% Recovery
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96.154
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123.846
93.846
99.231
101.538
74.615
108.462
104.615
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83.077
100.769
123.077
96.154
191.538
202.308
96.923
102.308
25.385
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103.077
94.615
86.923
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103.846
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103.846
112.308
110.769
  
 In coiumn 5 there are 3 deviations from expected recoveries which appear
extreme:
1.19, 1.33 and -0.97; these resuits are discarded.
From the
remaining 41 resuits in the 5th coiumn of the data set an estimate of the
standard deviation of the spiking recovery procedure is caicuiated in the
 
usuai way and found to be s = 0.1532 mg/L. (Since the deviations from
expected resuits represent the difference between two anaiyticai
determinations, we wou1d expect the standard deviation of the spiking recovery
procedure to be greater than the standard deviation of a singie determination
by a factor of /2_.)
The mean of the deviations from the expected resuits is -0.0061 mg/L. Since
the absoiute vaiue of this mean is 1ess than the standard error of the mean of
the spiking recovery procedure, sm (= 0.1532//ZT- = 0.024 mg/L),
the spiking recovery procedure appears to be unbiased with compiete recovery a
reasonabie expectation. Controi 1imits may therefore be set around the
expectation of compiete recovery with aiiowabie deviations of 0 i 3 x 0.1532
or -0.46 mg/L and 0.46 mg/L. The remaining 41 members of the data set are a1]
within these 1imits.
Had the spiking recovery procedure demonstrated a bias, the controi 1imits
wouid have been ca1cu1ated from the estimate of the bias.
In this exampie the data in coiumn 6 may be used to obtain equivalent
controi 1imits in terms of percent recovery. With the omission of the 3
questionabie resuits, the estimate of the standard deviation of the spiking
recovery procedure is 11.782% on a spike of 1.3 mg/L; 11.782% of 1.3 mg/L is
0.1532 mg/L, which is the same estimate as obtained from coiumn 5. However,
the equivaiency hoids because identical spikes were empioyed in a11
recoveries.
If variabie spikes are used, then the estimate of the standard
deviation and the ensuing controi iimits must be made in absoiute units such
as mg/L and not in percent recovery.
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REPORTING LOW LEVEL DATA
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e
Ta
bo
ra
to
ry
.
A
re
su
Tt
is
ob
ta
in
ed
an
d
a
re
sp
on
se
ma
de
to
it
.
No
th
in
g
ha
s
be
en
sa
id
co
nc
er
ni
ng
th
e
ab
iT
it
y
to
de
te
ct
a
su
bs
ta
nc
e
wh
ic
h
is
pr
es
en
t
at
a
sp
ec
if
ie
d
co
nc
en
tr
at
io
n.
+C
ri
te
ri
on
of
De
te
ct
io
n
ma
y
be
a
ne
w
te
rm
to
so
me
.
It
re
fe
rs
to
th
e
mi
ni
mu
m
an
aT
yt
ic
aT
re
su
Tt
wh
ic
h
mu
st
be
ob
se
rv
ed
be
fo
re
it
ca
n
be
st
at
ed
th
at
a
su
bs
ta
nc
e
ha
s
be
en
di
sc
er
ne
d
wi
th
an
ac
ce
pt
ab
Te
pr
ob
ab
iT
it
y
th
at
th
e
st
at
em
en
t
is
tr
ue
.
Th
e
te
rm
s
De
te
ct
io
n
Li
mi
t
or
Li
mi
t
of
De
te
ct
io
n
ar
e
of
te
n
us
ed
wi
th
’
th
is
me
an
in
g,
bu
t
in
th
is
Ha
nd
bo
ok
th
ey
ar
e
re
se
rv
ed
fo
r
a
mo
re
ap
pr
op
ri
at
e
usage.
Once
the
Crit
erio
n of
Dete
ctio
n ha
s be
en s
et,
the
prob
abii
ity
of m
akin
g a
Typ
e I
I e
rro
r,
8,
or
its
com
pTe
men
t 1
-8,
the
pro
bab
iii
ty
of
dis
cer
nin
g t
he
sub
sta
nce
whe
n i
t i
s p
res
ent
, c
an
be
det
erm
ine
d f
or
giv
en
tru
e s
itu
ati
ons
.
(Th
e p
rob
abi
iit
y 1
-8
is
som
eti
mes
caT
Ted
the
pow
er
of
the
tes
t).
 
Con
sid
er
the
sam
e
ana
Tyt
ica
T
pro
ced
ure
as
abo
ve
wit
h
a C
rit
eri
on
of
De
te
ct
io
n
of
10
ug
/T
it
re
.
Su
pp
os
e
th
at
th
e
co
nc
en
tr
at
io
n
of
th
e
sa
mp
le
be
in
g
an
aT
yz
ed
is
10
ug
/T
it
re
,
i.
e.
th
e
co
nc
en
tr
at
io
n
is
eq
ua
i
to
th
e
Cr
it
er
io
n
of
De
te
ct
io
n.
If,
aTT
an
aT
yt
ic
aT
re
su
Tt
s
be
io
w
th
e
Cr
it
er
io
n
of
De
te
ct
io
n
we
re
re
po
rt
ed
as
su
ch
,
th
en
th
e
pr
ob
ab
il
it
y
of
di
sc
er
ni
ng
th
e
su
bs
ta
nc
e
wo
qu
be
0.
5
or
50
%.
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10 pg
6
=
0
.
5
'
1
—
B
=
o
.
5
 
Co
nv
er
se
Ty
,
th
e
pr
ob
ab
iT
it
y
of
ma
ki
ng
a
Ty
pe
II
er
ro
r
an
d
fa
iT
in
g
to
d
i
s
c
e
r
n
t
h
e
s
u
b
s
t
a
n
c
e
w
o
q
u
a
T
s
o
be
0.
5.
F
r
o
m
t
h
i
s
e
x
a
m
p
T
e
it
ca
n
be
s
e
e
n
t
h
a
t
th
e
p
r
o
b
a
b
i
i
i
t
y
o
f
d
i
s
c
e
r
n
i
n
g
a
s
u
b
s
t
a
n
c
e
w
h
e
n
it
s
c
o
n
c
e
n
t
r
a
t
i
o
n
is
eq
ua
T
t
o
t
h
e
C
r
i
t
e
r
i
o
n
o
f
D
e
t
e
c
t
i
o
n
is
h
a
r
d
T
y
o
v
e
r
w
h
e
i
m
i
n
g
.
In
o
r
d
e
r
f
o
r
t
h
e
p
r
o
b
a
b
i
i
i
t
y
o
f
a
T
y
p
e
II
e
r
r
o
r
t
o
b
e
e
q
u
a
T
t
o
t
h
e
p
r
o
b
a
b
i
T
i
t
y
o
f
a
T
y
p
e
I
e
r
r
o
r
,
8
=
a
,
t
h
e
n
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
t
h
e
s
a
m
p
T
e
b
e
i
n
g
a
n
a
T
y
z
e
d
m
u
s
t
b
e
t
w
i
c
e
t
h
e
C
r
i
t
e
r
i
o
n
o
f
D
e
t
e
c
t
i
o
n
.
“
n
i
o
p
g
2
0
p
g
87
  
 Th
is
co
nc
en
tr
at
io
n
of
tw
ic
e
th
e
Cr
it
er
io
n
of
De
te
ct
io
n
j
§_
t
h
g
Li
mi
t
9
:
D
e
t
e
c
t
i
o
n
wh
en
it
ha
s
be
en
de
ci
de
d
th
at
th
e
ri
sk
of
m
a
k
i
n
g
a
Ty
pe
II
er
ro
r
is
to
be
eq
ua
l
to
th
e
ri
sk
of
ma
ki
ng
a
Ty
pe
I
er
ro
r.
T
h
e
c
o
n
c
e
p
t
of
T
y
p
e
II
e
r
r
o
r
ha
s
b
e
e
n
e
m
p
h
a
s
i
z
e
d
b
e
c
a
u
s
e
it
is
u
s
u
a
l
l
y
i
g
n
o
r
e
d
.
G
e
n
e
r
a
l
l
y
,
a
t
t
e
n
t
i
o
n
is
p
a
i
d
to
th
e
a
v
o
i
d
a
n
c
e
of
T
y
p
e
I
e
r
r
o
r
w
i
t
h
n
o
c
o
n
s
i
d
e
r
a
t
i
o
n
g
i
v
e
n
t
o
t
h
e
p
r
o
b
a
b
i
l
i
t
y
o
f
m
a
k
i
n
g
a
T
y
p
e
II
e
r
r
o
r
.
It
s
h
o
u
l
d
a
l
s
o
b
e
r
e
c
o
g
n
i
z
e
d
t
h
a
t
w
h
e
n
t
h
e
p
r
o
b
a
b
i
l
i
t
y
o
f
m
a
k
i
n
g
a
T
y
p
e
I
e
r
r
o
r
is
d
e
c
r
e
a
s
e
d
b
y
s
e
l
e
c
t
i
n
g
a
l
o
w
e
r
a
-
l
e
v
e
l
,
t
h
e
p
r
o
b
a
b
i
l
i
t
y
o
f
m
a
k
i
n
g
a
T
y
p
e
II
e
r
r
o
r
is
i
n
c
r
e
a
s
e
d
.
H
a
v
i
n
g
,
it
is
h
o
p
e
d
,
m
a
d
e
c
l
e
a
r
t
h
e
c
o
n
c
e
p
t
u
a
l
c
o
n
t
e
x
t
in
w
h
i
c
h
an
a
-
l
e
v
e
l
is
s
e
t
a
n
d
t
h
e
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
t
h
e
C
r
i
t
e
r
i
o
n
o
f
D
e
t
e
c
t
i
o
n
a
n
d
t
h
e
L
i
m
i
t
o
f
D
e
t
e
c
t
i
o
n
,
I
J
C
r
e
q
u
i
r
e
m
e
n
t
s
in
t
h
e
r
e
p
o
r
t
i
n
g
o
f
l
o
w
l
e
v
e
l
d
a
t
a
c
a
n
b
e
considered.
I
n
g
e
n
e
r
a
l
,
o
n
l
y
u
n
d
e
r
h
i
g
h
l
y
e
x
c
e
p
t
i
o
n
a
l
c
i
r
c
u
m
s
t
a
n
c
e
s
n
e
e
d
t
h
e
r
e
b
e
a
c
o
n
c
e
r
n
w
i
t
h
a
v
o
i
d
i
n
g
T
y
p
e
I
e
r
r
o
r
w
h
e
n
r
e
p
o
r
t
i
n
g
d
a
t
a
f
o
r
I
J
C
p
u
r
p
o
s
e
s
.
T
h
e
r
e
ar
e
t
wo
r
e
a
s
o
n
s
w
h
y
T
y
p
e
I
e
r
r
o
r
is
no
t
a
c
o
n
c
e
r
n
.
F
i
r
s
t
,
t
h
e
IJ
C
is
no
t
an
en
fo
rc
em
en
t
ag
en
cy
,
an
d
th
er
ef
or
e
is
no
t
co
nc
er
ne
d
th
at
a
si
ng
le
da
tu
m
wi
ll
le
ad
it
in
to
a
fa
ls
e
ac
cu
sa
ti
on
th
at
a
su
bs
ta
nc
e
is
pr
es
en
t
wh
en
it
is
no
t.
Se
co
nd
,
in
vi
r
t
ua
l
l
y
al
l
ca
se
s
da
ta
ar
e
a
g
g
r
e
g
a
t
e
d
fo
r
IJ
C
pu
rp
os
es
in
or
de
r
to
pr
ov
id
e
es
ti
ma
te
s
of
lo
ad
in
gs
an
d/
or
co
nc
en
tr
at
io
ns
;
th
er
ef
or
e
th
e
av
oi
da
nc
e
of
Ty
pe
I
er
ro
r
re
la
te
s
to
da
ta
se
ts
an
d
no
t
to
th
e
in
di
vi
du
al
da
tu
m.
Th
is
se
co
nd
po
in
t
is
cr
uc
ia
l.
Ra
re
ly
,
if
ev
er
,
wi
ll
th
e
an
al
yt
ic
al
ch
em
is
t
ha
ve
r
e
s
p
o
n
s
i
b
i
l
i
t
y
fo
r
in
fe
re
nc
e
f
r
o
m
da
ta
se
ts
or
ev
en
be
in
a
po
si
ti
on
to
kn
ow
wh
ic
h
da
ta
ma
y
be
co
mb
in
ed
.
Th
er
ef
or
e,
ce
ns
or
in
g
of
re
su
lt
s
to
p
r
e
v
e
n
t
a
p
o
s
s
i
b
l
e
f
a
u
l
t
y
i
n
f
e
r
e
n
c
e
b
e
i
n
g
d
r
a
w
n
f
r
o
m
an
i
n
d
i
v
i
d
u
a
l
d
a
t
u
m
re
pr
es
en
ts
an
un
wa
rr
en
te
d
as
su
mp
ti
on
of
re
sp
on
si
bi
li
ty
.
In
pr
ac
ti
ce
,
th
es
e
co
ns
id
er
at
io
ns
me
an
th
at
th
e
Cr
it
er
io
n
of
De
te
ct
io
n
ma
y
be
se
t
as
lo
w
as
po
ss
ib
le
.
To
st
at
e
it
an
ot
he
r
wa
y,
th
e
a-
le
ve
l
m
a
y
be
ignored.
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 On the other hand, when reporting data for IJC purposes
every effort must be made to avoid Type II error.
The
rea
son
is
obv
iou
s.
Whe
n r
esu
lts
are
rep
ort
ed
as
"les
s t
han
" o
r "
bel
ow
the
Cri
ter
ion
of
Det
ect
ion
,"
the
y a
re
vir
tua
lly
use
les
s f
or
eit
her
est
ima
tin
g
lo
ad
in
gs
or
co
nc
en
tr
at
io
ns
.
In
pr
ac
ti
ce
,
th
is
co
ns
id
er
at
io
n
me
an
s
th
at
if
a n
um
be
r
can
be
ob
ta
in
ed
,
it
is to be reported.
CO
DE
S
TO
BE
US
ED
IN
RE
PO
RT
IN
G
LO
W
LE
VE
L
DA
TA
At
it
s
Ap
ri
l
12
,
19
76
me
et
in
g
th
e
Da
ta
Qu
al
it
y
Su
bc
om
mi
tt
ee
of
th
e
Wa
te
r
Qu
al
it
y
Bo
ar
d
pa
ss
ed
a
re
so
lu
ti
on
th
at
2
ne
w
co
de
s
be
ma
de
av
ai
la
bl
e
in
da
ta
st
or
ag
e
sy
st
em
s
fo
r
re
ma
rk
s
co
nc
er
ni
ng
da
ta
us
ed
in
IJ
C
re
po
rt
s.
Th
e
co
de
s
are T and w.
Th
e
T
co
de
ha
s
th
e
fo
ll
ow
in
g
me
an
in
g:
"V
al
ue
re
po
rt
ed
is
le
ss
th
an
C
r
i
t
e
r
i
o
n
of
D
e
t
e
c
t
i
o
n
.
"
Th
e
us
e
of
th
is
co
de
wa
rn
s
th
e
da
ta
us
er
th
at
th
e
in
di
vi
du
al
d
a
t
um
wi
t
h
wh
ic
h
it
is
as
so
ci
at
ed
do
es
no
t,
in
th
e
ju
dg
em
en
t
of
th
e
la
bo
ra
to
ry
wh
ic
h
di
d
th
e
an
al
ys
is
,
di
ff
er
si
gn
if
ic
an
tl
y
fr
om
0.
It
sh
ou
ld
be
re
co
gn
iz
ed
th
an
an
im
pl
ie
d
si
gn
if
ic
an
ce
te
st
wh
ic
h
fa
il
s
to
re
je
ct
th
e
nu
ll
hy
po
th
es
is
th
at
a
re
su
lt
do
es
no
t
di
ff
er
fr
om
a
st
an
da
rd
va
lu
e
in
no
wa
y
di
mi
ni
sh
es
th
e
va
lu
e
of
th
e
re
su
lt
as
an
es
ti
ma
te
.
To
il
lu
st
ra
te
:
a
r
e
s
u
l
t
o
f
9
p
g
o
n
a
t
e
s
t
w
h
o
s
e
o
=
6
p
g
c
a
n
n
o
t
b
e
r
e
g
a
r
d
e
d
as
s
i
g
n
i
f
i
c
a
n
t
l
y
d
i
f
f
e
r
e
n
t
f
r
o
m
0
f
o
r
a
n
y
a
-
l
e
v
e
l
l
e
s
s
t
h
a
n
0
.
0
6
7
;
h
o
w
e
v
e
r
,
if
a
s
i
g
n
i
f
i
c
a
n
c
e
t
e
s
t
w
e
r
e
m
a
d
e
w
i
t
h
a
=
0
.
1
,
t
h
e
n
t
h
e
n
ul
l
h
y
p
o
t
h
e
s
i
s
w
o
u
l
d
b
e
r
e
j
e
c
t
e
d
a
n
d
t
h
e
r
e
s
u
l
t
d
e
e
m
e
d
s
i
g
n
i
f
i
c
a
n
t
l
y
d
i
f
f
e
r
e
n
t
f
r
o
m
0.
S
o
t
h
e
r
e
s
u
l
t
,
9
u
g
,
c
o
u
l
d
b
e
r
e
p
o
r
t
e
d
as
"
B
e
l
o
w
t
h
e
C
r
i
t
e
r
i
o
n
o
f
D
e
t
e
c
t
i
o
n
"
f
o
r
a
l
l
a
l
e
s
s
t
h
a
n
0
.
0
6
7
a
n
d
c
o
u
l
d
b
e
r
e
p
o
r
t
e
d
as
s
i
m
p
l
y
"
9
p
g
“
f
o
r
a
l
l
a
g
r
e
a
t
e
r
t
h
a
n
0
.
0
6
7
.
B
u
t
h
o
w
e
v
e
r
r
e
p
o
r
t
e
d
,
t
h
e
r
e
s
u
l
t
o
f
9
p
g
r
e
m
a
i
n
s
t
h
e
b
e
s
t
e
s
t
i
m
a
t
e
o
f
t
h
e
t
r
u
e
v
a
l
u
e
s
i
n
c
e
c
h
a
n
g
i
n
g
t
h
e
r
i
s
k
o
f
m
a
k
i
n
g
a
T
y
p
e
I
e
r
r
o
r
n
e
i
t
h
e
r
a
u
g
m
e
n
t
s
o
r
d
i
m
i
n
i
s
h
e
s
t
h
e
v
a
l
u
e
o
f
a
n
e
s
t
i
m
a
t
e
.
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 It
ma
y
be
ad
de
d
th
at
lo
w
le
ve
l
re
su
lt
s
ar
e
be
tt
er
es
ti
ma
te
s,
in
th
e
se
ns
e
of
be
in
g
mo
re
pr
ec
is
e,
th
an
hi
gh
er
re
su
lt
s
si
nc
e
fo
r
al
l
an
al
yt
ic
al
te
st
s
wi
th
wh
ic
h
we
ar
e
ac
qu
ai
nt
ed
th
e
st
an
da
rd
de
vi
at
io
n
of
th
e
te
st
in
cr
ea
se
s
wi
th
th
e
concentration.
Th
e
N
co
de
ha
s
th
e
fo
ll
ow
in
g
me
an
in
g:
"V
al
ue
ob
se
rv
ed
is
le
ss
th
an
lo
we
st
va
lu
e
re
po
rt
ab
le
un
de
r
T
co
de
."
Th
is
co
de
is
us
ed
wh
en
a
po
si
ti
ve
va
lu
e
is
no
t
ob
se
rv
ed
or
ca
lc
ul
at
ed
fo
r
a
re
su
lt
.
In
th
es
e
ca
se
s
th
e
lo
we
st
re
po
rt
ab
le
va
lu
e,
wh
ic
h
is
th
e
lo
we
st
po
si
ti
ve
va
lu
e
wh
ic
h
is
ob
se
rv
ab
le
,
is
re
po
rt
ed
with the w.
Th
e
fo
ll
ow
in
g
ex
am
pl
e
il
lu
st
ra
te
s
th
e
us
e
of
th
e
co
de
s:
Su
pp
os
e
th
at
a
la
bo
ra
to
ry
ha
s
de
te
rm
in
ed
th
at
it
s
Cr
it
er
io
n
of
De
te
ct
io
n
fo
r
to
ta
l
ph
os
ph
or
us
is
10
ug
/l
it
re
,
an
d
su
pp
os
e
in
ad
di
ti
on
th
at
th
e
sm
al
le
st
in
cr
em
en
t
th
at
ca
n
be
re
ad
on
th
e
an
al
yt
ic
al
de
vi
ce
co
rr
es
po
nd
s
to
a
co
nc
en
tr
at
io
n
of
2
pg
/l
it
re
.
Gi
ve
n
th
es
e
co
nd
it
io
ns
,
an
y
va
lu
e
ob
se
rv
ed
>1
0
pg
/l
it
re
wo
ul
d
be
re
po
rt
ed
wi
th
ou
t
an
ac
co
mp
an
yi
ng
co
de
;
an
y
va
lu
e
ob
se
rv
ed
>2
ug
an
d
<1
0
ug
wo
ul
d
be
re
po
rt
ed
wi
th
th
e
T
co
de
;
if
no
in
st
ru
me
nt
re
sp
on
se
we
re
ob
se
rv
ed
,
th
e
re
su
lt
wo
ul
d
be
re
po
rt
ed
as
2w
.
RE
PO
RT
IN
G
NE
GA
TI
VE
RE
SU
LT
S
Wi
th
ma
ny
an
al
yt
ic
al
pr
oc
ed
ur
es
th
er
e
wi
ll
al
wa
ys
be
an
in
st
ru
me
nt
re
sp
on
se
,
so
th
e
w
co
de
wi
ll
no
t
ap
pl
y.
In
pa
rt
ic
ul
ar
,
th
is
la
ck
of
ap
pl
ic
ab
il
it
y
wi
ll
oc
cu
r
wh
en
a
re
su
lt
is
ob
ta
in
ed
th
ro
ug
h
su
bt
ra
ct
io
n
of
a
bl
an
k
co
rr
ec
ti
on
.
In
th
is
ca
se
ne
ga
ti
ve
re
su
lt
s
wi
ll
of
te
n
be
ob
ta
in
ed
;
in
fa
ct
,
if
th
e
co
ns
ti
tu
en
t
of
in
te
re
st
is
no
t
pr
es
en
t,
on
e
wo
ul
d
ex
pe
ct
ne
ga
ti
ve
re
su
lt
s
to
oc
cu
r
as
of
te
n
as
po
si
ti
ve
.
In
or
de
r
th
at
va
li
d
in
fe
re
nc
es
ma
y
be
ma
de
fr
om
su
rv
ei
ll
an
ce
da
ta
,
it
is
im
po
rt
an
t
th
at
ne
ga
ti
ve
re
su
lt
s
be
re
po
rt
ed
as
su
ch
.
Co
ns
id
er
th
e
fo
ll
ow
in
g
th
re
e
di
ff
er
en
t
wa
ys
of
re
po
rt
in
g
th
e
sa
me
re
su
lt
s.
Th
e
le
ft
ha
nd
co
lu
mn
gi
ve
s
re
su
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